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ADVERTISEMENT. 


T.. Committee appointed by the Royal Society to direct the pub- 
| lication of the Philosophical Transactions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council- 
books and journals. of the Society, as from repeated declarations which 
have been made i in several former Transactions, that the printing of 
them was always, from time to time, the single act of the respective 
7 Secretaries, till the Forty - seventh Volume: the Society, as a Body, 
never interesting themselves any further in their publication, than by 
| occasionally recommending the revival of them to some of their Se- 
cretaries, when, from the particular circumstances of their affairs, the 


Transactions had happened for any length of time o be intermitted. 


And this seems principally to have been done with a view to satisfy 


the Public, that their usual meetings were then continued, for the im- 


provement of knowledge, and benefit of mankind, the great ends of 
their first institution by the Royal Charters, and which they have ever 
since steadi ly pursued. 
But the Society being of late years greatly enlarged, and their « com- 
munications more numerous, it was thought advisable, that a Com- 
mittee of their members should be appointed to reconsider the papers ; 
read before them, and select out of them such as they should judge 
most proper for publication in the future Transactions; which was 
mewvingy done upon the 26th of March, 1752. And the grounds 
A 2 | 
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of their choice are, and will continue to be, che importance and sin- 
gularity of the subjects, or the advantageous manner oſ treating them; 
without pretending to answer for the certainty of the facts, or pro- 
priety of the reasonings, contained in the several papers so published, 
which must still rest on the credit or judgment of their respective 
authors. Ro | 

It is likewise necessary on this occasion to remark, that it is an esta- 
blished rule of the Society, to which they will always adhere, never to 
5 give their opinion, as a Body, upon any subject, cither of Nature or 
Art, that comes before them. And therefore the thanks, which are 
frequently proposed from the Chair to be given to the authors of such 5 
papers as are read at their accustomed meetings, or to the persons through i 
whose hands they receive them, are to be considered i in no other light 
chan as a matter of civility, in return for the respect shewn to the So- 
ciety by those communications. The like also is to be said with re- 
gard to the several projects, inventions, and curiosities of various 
kinds, which are often exhibited to the Society; the authors whereof, 
or those who exhibit them, frequently take the liberty to report, and 
even to certify in the public news-papers, that they have met with the 
| highest applause and approbation. And ther efore it is hoped, that no 
regard will hereafter be paid to such reports, and public notices; which 


in Some instances have been too lightly credited, to the dishonour of 
the Society. 
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-k An Account * the Discovery oa Comet. 
Miss Caroline Herschel, to Joseph — — Sex, R. S. 


| Read November 7, 1798. 


SIR, 


Lan night I discovered a comet near ist (3) Ophiuchi, but 
clouds covering the part of the heavens where | it was, its Co 


could not be obtained. 


My brother has just now (7 0 clock) determined its situa- _ 


tion, as follows. 


The comet precedes the ist (3) Ophiuchi 60 34" in time, 


and is 1' 25' more north than that star. 


1 remain, Sir, &c. 


SG'lough, 
Tuesday, Oct. 8, 1793. 


MDCCXCIV. B 


In a Letter from 


CAR. HERSCHEL. 


TÞ 


II. Account of a new Pendulum. By George Fordyce, M. D. 
F. R. S.; being the Bakerian Lecture. 


Read November 7, 1793. 8 

WE 1 C 
Lr AB and CD be two rods of any solid of the same species, 
and of a simple or uniform texture. Let these two rods be 
exactly of the same length; let them be connected at the top 
with a rod BC, which is perfectly inflexible, let the angles 
ABC, and DCB, be both right angles, so that AB and DC 


shall be parallel to each other, and in the same plane; let the 


rod AB be fixed at the point A, and perpendicular to the hori- 
Zon : then the rod CD shall likewise be perpendicular to it, 
excepting for the curvature of the earth between B and C, 
which in a foct or two may be considered as nothing: let the 
rod CD be loose at the end D, so as to be capable of rising up 
or falling down; in this case, if heat be applied equally to 
both rods, so as to expand them both, and lengthen them, the 
rod AB will raise up the rod BC, and lift up the rod DC; but 
the rod DC being equally lengthened by heat with the rod 
BA, the point D will be brought downwards by the lengthen- 
ing of the rod DC, as much as the point C is raised by the 
lengthening of the rod AB by the heat. In consequence, the 
rod DC will have its end D in a line exactly parallel to the ho- 
rizon, and cutting the end of the rod AB at A, as it did before 
the heat was applied; and the same thing will be true if the 
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rods AB, DC, be shortened by exposure to cold; so that in all 
cases of heat or cold the end of the rod CD at D, and the end 
of the rod BA at A, shall be in a line parallel to the horizon. 
Take a point E near any part of the rod CD, and let that 
point E be connected with the point A, where the end A of 
the rod AB is fixed, and let the matter which unites them be 
perfectly inflexible, and incapable of being altered by heat; 
then, I say, that the part of the rod CD, intercepted at the 
point E, and forming ED, will always be af the same length 
whether the temperature of heat is greater or less. For sup- 
posing a point F be taken near the rod AB, and of the same 
perpendicular height with E, so that a line drawn from E to 
F shall be parallel to the horizon; if the part of the rod AB, 
opposite to F, should rise up in consequence of being expanded 
by heat above F, it will carry up the point of the rod DC, 


which was opposite to E, to an equal height with itself, and 


therefore would cut off from the length of that part of the rod 
which was formerly opposite to E, a length equal to that which 
was added to what was formerly ED, by the heat. Therefore 
the point opposite to E, in the rod DC, will form ED, which 
will always continue of the same length, if the heat be in- 
creased; and by similar reasoning, it will likewise continue of 
the same length if the part of the rod AB AF is shortened by 
cold; therefore the part of the rod DC cut off by the point E, 
50 as to form ED, will always be of an equal length, and the 
point D will always be of an equal heilt. 5 
At the point E let there be an apparatus which will render 
that part of the rod DC which is opposite to the point E 
flexible, whatever part of it shall be opposite to the point E. 
Then the part of the rod DC, cut off at the point E, and form- 
— B 2 
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ing DE, may become a pendulum. Thus we Shall procure a 
pendulum of the same length, whatever be the degree of heat. 
Let the rod AB and the rod DC be of different species of 
matter, so that the rod AB shall be lengthened by being heated 
to the same degree, more than the rod DC; then, if they be 
both of the same length, heat would carry up the end of the 
rod CD, at D, higher than the fixed point A; but if a part be 
cut off from AB at G, so that the whole of the expansion of the 
remaining part GB, shall be equal to the whole of the expan- 
sion of the whole rod DC, and that in every increase of heat, 
then the same thing would happen; and the part of the rod DC, 
cut off by the apparatus at E, would always remain of the ame 
length. If, therefore, it is wished to render DE always equal 
in length, the fixed point A must be brought nearer to B, so 
as to shorten the rod AB, that is at G, so that the whole of 
the expansion of GB by heat, shall be equal to the whole of 


the expansion of DC by the same degree of heat. 


Hitherto I have supposed that the substance which con- 
nected the points A and E was incapable of being expanded 
or contracted by heat: but no such substance is to be found. 
I shall now suppose that the substance which connects the 
points A and E is capable of being expanded by heat. If it | 
was capable of expansion equal to the matter of which the rods 
AB and CD consist, then it is evident that no advantage 
could be gained so as to render the part of the rod CD opposite 
to the point E down to D always equal. But it is clear that 
the expansion of AE, supposing the point A a fixed one, 
would carry the point E higher up towards C, if the heat 
was greater, so that ED would by this means be rendered 

longer; and the contraction of AE, when exposed to a greater 
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degree of cold, would bring down the point E 80 as.to repder 
Ed shorter, just as much as the expansion of AB would raise 
up the rod ED, or as its contraction lower it. But if the mate- 
rials connecting the points A and E were less expansile and 
_ contractile by heat and cold, than the matter of the rods AB 
and CD, then upon the whole expanding, although the point E 
would be raised higher towards C, yet it would not be raised 
$0 high as the expansion of AB would raise the point C, and 


the whole rod CD. The same is true if the whole. of them 


contract, but in an opposite direction. That is to say, the 
point E would not descend so far towards D, as the point C 
would descend towards D, and with it the whole rod CD; by 
this means, although the part ED would not be always equal, 
yet it will be much more equal than if the point C were a 
fixed point, and not capable of being affected with the con- 


5 traction or expansion of the rod AB. 


If then the part of the rod CD, from opposite to the point 
E to D was a pendulum, it would not be always of the same 
length, but it would be more nearly so than a simple pendu- 


lum made of the same materials of which the rod CD consists; 


and it would be nearly of the same length as if the pendu- 
lum had been made of the materials which connect A and E. | 
In order then to render ED always of an equal length, some 
other principle must be employed. Now let BA and CD con- 
sist of the same materials; and the matter connecting A and 


E consist of a substance that expands by heat, and contracts 


by cold, less than the materials of which AB and CD are 
formed; if the rod AB be brought down to H, and the fixed 
point be at H, and the points HE be connected together by 
the same materials which formerly connected the points AE 
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in the rod EH, take a point K, equal in height with the points 
A D, and in the line AD which is parallel to the horizon, as it 
has already been taken in the construction ; then the rod AH 
shall expand, upon being heated, in perpendicular height more 


than the rod HK, and therefore the expansion of AH shall 


carry the point B, and in consequence the point C, higher 
than the expansion of the rod HK shall carry the pomt E; 
but if the expansion of the rod AH be as great as the expan- 
sion of the whole rod HE, then the point C will be carried as 


much higher than the point E, as the point E is carried 


higher than it was before the heat was applied, and therefore 
the point E shall be at as great a distance from the point C, 
as it would have been if the materials connecting AE had been 
ind of being altered by heat: and therefore if ED be a 
pendulum, it will be rendered of the same length. If then 
the rods AB, and CD, be of the same materials, and the sub- 
stance connecting A and E is capable of expanding and con- 
tracting less by heat than the matter of the rods AB and CD, 
then, by adding to the rod AB, a part AH, under the circum- 
stances already described, and making the fixed point at H, we 
can obtain a pendulum always of equal length ; or if the mate- 
rials of which the rod AB consists be capable of being expanded 
by heat as much as the materials of which CD consists, toge- 
ther with the expansion of the materials that connect A and E, 
in that case likewise the point C shall be carried as much 
higher than the point E, as it would be when they are ex- 
panded by heat, as if the materials connecting A and E had 
not been affected by heat at all. Or, lastly, if we take a rod 
GB, of materials which expand much more than the expan- 
sion of the matter of the rod CD, and the connecting matter 
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of the rod EG by heat, then likewise upon the rod GB ex- 
panding, it will carry the point B, and consequently the point 
C, as much higher than the point E, as it would have been if 
the materials connecting G and E had been incapable of being 
expanded by heat, and therefore ED will always continue of 
the same length. The same — will hold in cases of 
contraction from cold. | 
Therefore, if materials be employed in the rod GB, which 

contract considerably more than those which compose the rod 

CD, then the fixed point G is to be taken at a distance from 
B, in an inverse ratio to the inferior expansile power of the 
materials of which the rod CD consists, and in a direct ratio 

of the expansile power of the materials which connect E and 


G. That is, supposing that it was taken in the inverse ratio of 


the inferior expansile pbwer of CD, then it would be at G; 
but to counteract the expansile power of the materials GE, it 
must be somewhat lower at I. 


If then the proportion of the expansion of the materials of + - 


the rod AB, or GB, the rod CD and the materials which con- 
nected AE or GE were known, and the length of a pendulum 
swinging any proportion of time, in that case the distance and 
perpendicular height between GE and IE might be taken at 
once, and a pendulum might be always made which would 
always be of the same length, therefore swing equal arches in 
equal times. But these not being perfectly known, and it be- 
ing extremely difficult, if not impossible, to measure off length 
perfectly, it is necessary to have the power of varying the dis- 
tances and perpendicular height between I and E, A and E, or- 
H and E, so that it may be found from trial whether these 
fixed points I, A, or H, be properly taken. For if, on construct-- 
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ing a a pendulum on these principles, either of the fixed — 

according to the circumstances, I A or H be placed too high or | 
too low, then the pendulum will vary in its length, and of 
consequence swing different times in different degrees of heat. 


That is to say, suppose the case be taken where the rod 
BG is made of materials which expand more than CD, if in- 


stead of rendering 1 the fixed point, it is made G, nearer to B, 
then the point C will not be raised sufficiently above the point 
E, the pendulum will become longer by heat, and make fewer 
vibrations in a given time. But if the fixed point in this case 
be brought lower than I, to the point L, then the point C 


will be raised higher when the whole is expanded by heat 


from the point E, ED will be rendered Shorter, more vibra- 
tions will be performed in a given time, and e contra. There- 
. fore if there be a power in the apparatus of altering the fixed 
point I, if found too high or too low by experiment, we shall 
be able to find out a true point, and make an adjustment ac- 
cordingly. That is, if heat occasions a pendulum to make 
fewer vibrations, the fixed point is too high; if, on the con- 
trary, it makes too many vibrations, then the fixed point will 
de too low. = 
I come now to > show how these principles may be applied | 
in structure. 5 
As it is more convenient in practice to have the fixed point 
higher than A, which is equal in height to D the bottom of 
the pendulum, a substance should be chosen for the rod AB 
which expands and contracts more by heat and cold than the 
matter of which the rod CD consists, so that the fixed point 
should be at G, if the materials connecting A and E were in- 
capable of being expanded or contracted by heat or cold: 
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1 but if their expansion and contraction is to be compensated 
for, the fixed point will be at I, as has already been shewn. 

If the expansion and contraction of the rod IB by heat and 
cold, in proportion to the expansion and contraction of CD, 
were known, and the expansion and contraction in perpendicu- 

lar height of IE, then the length IB should be to the length 
DC, as the contraction of the materials of CD is to the con- / 
traction of the materials of which IB is constructed. added to 
the contraction in perpendicular height of the materials of 
which IE is constructed. These lengths, in this case, might 
be taken at once; but it is much more convenient to have the 
power of fixing them by experiment, after taking them from 
measure as nearly as may be. 
Therefore, to have a means of raising the point I higher or 
lower in proportion to ED, whose ends are always to be at the 
same distance from one another, fig. 2. represents the means of 


altering the point I in proportion in height to E. The frame 


AAAA is fixed to the substance which connects the points 


I and E by any means. In the clock which I have constructed, 
the material which connects I and E is wood, as will be de- 
scribed afterwards. The frame i Is brass; it is fixed to the wood 
by the screws B B, and two other opposite ones which are hid 
in the drawing. They are so fixed that the point I shall be 
nearly in the middle between the upper screw B, and the lower 
screw B, and so that the part of the frame DDD D shall pro- 
ject backwards, and carry the part of the frame EEEE behind 


the frame which forms the connection between I and E, so as 


to be parallel to it; of consequence perpendicular to the hori- 

zon. In this frame there is seen, at the upper part, in the draw- 

ing, a dove-tail groove, in which, on both sides, another frame 
MDCCXCIV. _ = : 
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 GGGG slides, in the same manner as in that part of a transit 
instrument which renders one end of the axis higher or lower. 


This second frame is brought higher or lower by the screw 
HH. The rod IB, fig. 1, is a brass tube, represented by II. 
There is a semicylindric cavity in the frame GGGG of the 


same diameter with the brass tube; a piece is applied over 


this frame, which is likewise a semicircular cavity, forming 
with the other cavity a whole cylinder, equal in diameter to 
the tube I I. This piece is attached to the frame GGGG by 
the screws LL; when these are screwed in tight, they occa- 


sion the tube I I to be embraced perfectly by the piece KK, 
and the semicylindric cavity in the frame G, so that the 
screw HH could not act if the tube I I was fixed; but if the 


screws LL are loosened, then they would leave the frame 


660 capable of being heightened or lowered by the screw 


centre of the screws L L be in an horizontal line, that line 


will cut the point I in an horizontal direction. The centres 


of these screws, therefore, may be considered as the point I in 


by bringing up or carrying down the centres of the screws LL. 
by the «crew HH. 


If it be wished, therefore, by this apparatus to raise or de- 
press the point I, fig. 1, it is necessary during the time of al- 
tering its height by the screw HH, that B, fig. 1, should be- 
come a fixed point; but that at all other times it should be a 
part perfectly free in its motion upwards or downwards. 
In order to fix the point B fig. 1, in fig. g AAAA represents 
the frame of the clock, BB another frame fixed to this frame, and 


HH. Now, if I I represent the rod IB, fig. 1, then if the 


perpendicular height ; wherefore if the point B, fig. 1, should 
become a fixed point, the point I may be lowered or heightened 


FT 
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projecting backwards to such a distance as to carry a tube fixed 


to it CC so far back, and in such direction, as to exactly coincide 
on its inside with the cylinder formed by the semicircular cavity 
in the frame GG, fig. 2, and the cylindric part of the piece KK, 


so that if they were continued they would form the same cy- 


linder when the screws L L, fig. 2, are screwed home. This 


tube is made exactly to fit the tube I I, in the same manner 


that the outer brass tube of a telescope is fitted to the inner 


one. This tube CC is split open on one side, and is of such a 


degree of elasticity as to open when left to itself at this slit, 80 


as to leave the tube I I entirely free. To the frame B is fitted 
a piece D, which consists of two semicylinders, connected to- 
gether by one being screwed to the piece B at E, the other to 
the frame B at E on the other side. They are also connected 
by a part F, where they can be brought together or separated 

by the screw G. Now if the screw G be undone, then the two 


semicylinders will separate from one another, and allow the tube 
CC to open by its elasticity, and the tube I I to be at perfect 
liberty 1 in expanding upwards or downwards. But if the screw 
G be screwed home, then the two sides of the piece F will 


embrace the tube C, and Shut it upon the tube I, so that it 
shall become fixed at this point. This apparatus may be placed 
any where between B and I, fig. 1. In the clock I have con- 
structed, it is placed at the point F opposite to E, fig. 1. 


If the point I be placed then too high, the clock will be 


i found to go too slow if the heat be greater, too fast if it be 


less. If this should be found the case, then the screw G, fig. 


3, is to be screwed home, the screws L L, fig. 2, are to be 


loosened, and the frame GGGG must be screwed downward 


by the screw H, which will carry along with it the piece KK, 
C2 
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therefore the centres of the screws L L which form the point I, 
fig. 1, in perpendicular height. Then the screws L L, fig. 2, 
are to be screwed home, the screw G, fig. 3, is to be loosened 
so as to leave the tube I I, which is the same in both figures, 
perfectly free and untouched by any of the apparatus except- 


ing at the point I, the fixed point. The same thing is to be 


done, only in the reverse, if the clock be found to go too fast 
in a greater degree of heat, too slow in a greater degree of 
an +. .- ls 
In the clock which I have constructed, the bar BC, fig. 1, 
is considered as inflexible. If it were flexible, a weight hung 
at C would occasion it to fall lower, and in consequence bring 
the rod CD lower, and a greater part of it below the point E; 
thus the pendulum would be lengthened. It is therefore ne- 
cessary to make this rod as inflexible as possible for this 
reason it is made of a strong brass bar, HK, fig. 3, which is 
farther strengthened * a brass bar LK, * by the up- 
right HL. 
If a weight were hung at K, it would tend to draw the tube 
I out of the perpendicular towards K. To prevent this, ano 
ther bar HM is carried exactly opposite, so that MH K shall 


form the same bar, the under surface of which is paral- 


lel to the horizon. At the end of this bar M, is appended a 
weight O, so that, supposing the line LH to be the axis of the 
tube I I continued, and perpendicular to the horizon, then the 
whole of the weight on the side of LH towards M, shall be 
equal to the whole of the weight on the side of LH towards 
P. P is the head of a screw, to the centre of which the rod 
CD, fig. 1, is attached; this screw passes through the end of 
the bar HP, in the same manner as the wire sustaining the 


” 
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weight O passes through the end of the bar HM at N. The 
uses of this screw are to be seen in fig. 4, where HK represent 
the end of the bar HK, fig. 3, through which the screw A 
passes. The head of this screw P is toothed and divided. To 
the teeth there is a catch at K, which allows it to be turned 
backwards and forwards with a tolerable force, but keeps it in 
the same place until that force be applied to it. The upper part 
of the screw C, fig. 4, is a cylinder, which passes through a cy- 


lindric hole in the end of the bar HK, fitted to it so as to allow 


of being turned round without shaking. The screw itself passes 
through a female screw at D in the frame EF. 
This frame, as well as the screw itself, is made of brass, 


and consists of a bar EF, which is perpendicular to the hori- 


zon ; from which arise two pieces GG and EL, at right angles, 
therefore parallel to the horizon. In the upper piece EL is a 
female screw, through which the screw A passes; so that the 
head P, being turned round, will raise the frame EF or de- 
press it. In the bottom part GF there is a slit MM, through 
which the rod NO passes. This rod passes through a piece of 
brass PP at Q, where it is fixed, so that by screwing forward 
the screw A, the point Q, and the rod NO consequently, will be 
raised up, and e contra. The poune 2 is placed exactly under 
the centre of the screw A. ” 
This point Q is to be concidered as the point C, fig. 4; 
For although in fact the part of the rod HK where the screw 
A passes, and rests upon the end of the rod HK, be the point 
C, fig. 1; yet if a part of the tube I I, fig. g, at the point C be 
taken at an equal height with Q, fig. 4, as they are both of brass, 
both will expand equally. If the whole should be heated, the 
expansion of CH, fig. 3, will raise up the bar HK, and the ex- 
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pansion of the screw A, and the frame EF, will carry down 
the point Q, so that it shall always be at an equal height with 
the point C, fig. g. The points C and Q, fig. 3, 4, therefore, 
being always of the same height, may be considered as the 
points B C, fig. 1. The rod CD, fig. 1, is steel wire, the whole 
length of which weighs 1g grains. It is watch ä wire, 
No. g. The point E is at R, fig. 4. 
8888, fig. 4, is the frame which connects the points I and 
E, fig. 1; to this frame the square brass bar II is firmly fixed, 
so as to rise perpendicular from the frame S888; on the side 
VV of this bar a semicylindric piece of crystal is attached, so 
that the cylindric part shall be towards R, and so that a num 
ber of lines perpendicular to the horizon, tangents to this cy- 
linder, Shall pass through the slit MM. „ 
WV is another square rod, with a crystal semicylinder REA 
attached to the frame SSSS, so as to rise perpendicular to it, 
but sliding in the dove-tail groove XY so as that it is capable 
of being brought nearer or farther from the cylinder attached 
to the rod I I. This may be done by a screw. It is clear then 
that the wire NO will * between the cylindric parts of these 
two cylinders. 
If the screw Y was screwed so as to make the cylinders 
touch one another, all hut the exact thickness of the wire NO, 
then it is clear that the under part of the wire, from VtoO, 
would become flexible at V, but then the expansion of the 
tube I I, fig. g, would not lower or raise the part of the wire 
VO so as to keep it always of an equal length; but if the 
cylinders were opened the least farther, then the expansion or 
contraction of the tube I I, fig. g, would raise or depress the 
part of the wire between the cylinder, and render the pendu- 
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lum always of the same length, whatever be the heat; and 
thus a pendulum may be formed, according to what has been . 
demonstrated, always of one length. | 
On considering the several different methods of finding a 
measure of lengths which could be always and universally as - 
certained, I am persuaded that the taking the difference of 
the length of two pendulums, vibrating different times, ap- 

pears not only to be the most perfect, but the easiest attain- 
able. Mr. WarTEHuRsT contrived an apparatus for the pur- 


pose of ascertaining this difference, an account of which was 


read in the Royal Society, and afterwards withdrawn and 
published by the author himself. After his death, [ TE 
g this apparatus. 
There was no means in it whatever of keeping the pendu- 
lum of the same length when the heat should vary; conse- 
: quently it was impossible that any accurate admeasurement 
of the different lengths of two pendulums keeping different 
times could be ascertained. Mr. WIT EHU RST, indeed, had en- 
deavoured to keep his pendulum of the same degree of heat; 
but I know from many experiments, among which some are 
for hatching eggs, how extremely difficult it is to maintain 
the same heat in any considerable mass, and that the means 
which may be employed to keep it within four or five degrees 
are almost totally inapplicable to pendulums; so that his ex- 
periments must have been defective. I therefore endeavoured 
to contrive a means of rendering the pendulum in his machine 
always of the same length, whatever the heat might be, by 
some addition to it. I thought of the principle, and formed 
the apparatus above described for this purpose. 
It would be improper for me to repeat what has already 
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been laid before this learned Society ; therefore 1 chall only 
mention briefly, that the frame of Mr. WaiTEauRsT's machine 
was formed of two pieces of very clean well seasoned deal, to 
which was fixed the apparatus for rendering the wire flexible of 
which his pendulum was formed at the point Q. fig. 4, but there 
were no semicylindric pieces; the two square pieces came toge- 
ther, so as to make the top of the pendulum at their under sur- 
face; these pieces could be brought away from one another by the 
screw V, 80 as to leave the wire free. The use of this was, by 
the screw L, fig. 4, to adjust the pendulum to its proper length, 
which has in this apparatus a considerable advantage, as it is 
not necessary, in the form I have given to this apparatus, to 
stop the clock in order to adjust it. These pieces of wood are 
mortised into a transverse piece of deal at the top and at the 
bottom firmly. Before 1 attempted to make a very perfect 
machine on these principles, I resolved to try how far this 
frame of wood might serve to connect the points I and E, fig. 
1, and procured the apparatus for altering the point I, screwed 
on to one of these perpendicular pieces of wood on one side, 
and to the other on the other side. The pendulum itself serves 
as a plummet to place them perpendicular. In Mr. WHITE 
HURST's machine the screw at L, fig. 4, went through a piece of 
brass, and rested upon it, fixed to the top of the clock-case. 
But in my construction of it, when the length of the rod IB, 
fig. 1, is adjusted, the clock has nothing to do with the clock- 
case, excepting with that part of the wooden frame which 
connects the point I with the point E, fig. 1. If I had been, 
or were to construct a machine for this purpose ab origine, in- 
stead of these two pieces of fir, I should employ a solid piece of 
brass, and make two cylindric cavities into it, parallel to one 
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another, and in these cavities place two glass tubes, about two 
inches diameter, perpendicularly upwards, which may be done 
by various means; and, while in this situation, having heated 
them gradually to the heat of melted lead, I should pour in 
melted lead, so as to fix them in their places when it cooled. 
The apparatus for fixing the point I, and that for fixing the tube 
II. fig. 2 and 3 at F, fig. 1, being also of brass, in heat they 
would always expand, and in cold contract, equally ; so that the 
glass tubes would keep always at an equal distance from one 
another, and equally perpendicular. Glass is not only very 
little apt to contract and expand by heat, but free from any 
such disposition from moisture or dry ness, which is not the 
case with wood. 
Having added the apparatus I have described to Mr. Wurte- Ss 
HURST's machine, I set it a going, expecting, in the situation! 
Placed it, only some approach towards accuracy in the length 
of the pendulum. I fixed beside it a transit which belonged 
to Mr. LupLam, the principal parts of which were made by Mr. 
RAMSDEN, the object-glass was a four-feet focus achromatic by 
Dol Loxp. I found my meridian mark at about three quarters 
of a mile distance. I likewise borrowed, from my friend Mr. 
STEVENS, a clock with a gridiron pendulum, made by GRAHAM 
for his father Dr. STEvexs, in order to compare them toge=- 
ther when I had no observations. There were several trivial 
circumstances, which baffled the experiments for some time, 
not worth relating, one only excepted ; which was, that the 
curvature of the wire, acquired by its being wound round a 
pirn, was not entirely unfolded for some months, so that the 
clock went slower and slower during that time. At length 
this difficulty was overcome; I then began to observe with 
MDCCXCIV. D 
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GRAHAM 's clock, in order to adjust the length of the pendulum, 
but found irregularities frequently take place. I then adjusted 
it by observation, and soon found that Granam's clock went 
much more irregularly than my own. I adjusted it by turn- 
ing the head of the screw at L, fig. 4, until the clock came to 
lose seven- tenths of a second in 24 hours. I did not think it 
worth while to bring it nearer; I then began to observe, and 
carried on the observations, when the weather permitted, for 
about nine months, during which the thermometer had fallen 
so low as 15 of FAHRENHEIT, in the clock case, and risen as 
high as 84; and with considerable variations. Unfortunately 
have mislaid or lost the particulars of each observation; but! 
have preserved the greatest difference from the rate of its go- | 

ing. Counting on, according to the rate of its going, during 
the whole time it never exceeded the sum, half a second, nor 
was ever less than half a second, whether it was taken from 
day to day, month to month, or from any one to any other 
period during the observation. BE 

Undoubtedly, therefore, notwithstanding the errors that 
might have arisen from the expansion of the wood by moisture, 
and from the unsteadiness of the building in which it was 
placed, it certainly performed better than any other time- piece 
that has been made; and perhaps affords a principle which 
may be used in fixed observatories for keeping time with cer- 
tainty, by easy and not very expensive means; and of deter- 
mining, with the rest of Mr. WI TEHURST's apparatus, the 
difference between the lengths of two pendulums swinging 
equal arches of circles of different diameters, in any two given 
different times. e 
The astronomer royal has also suggested an improvement: 


— 
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viz. instead of grinding the two crystalline pieces in a cylindric 
form, the lower part should be ground in a cycloidal form ; 
then it would have the advantage of cycloidal cheeks, which 
no contrivance hitherto has been able to attain. 

There are some farther observations necessary to be made, 
to enable workmen to construct clocks according to this prin- 
ciple, and some reflections upon its operation. 

The manner of hanging a leaden weight to the pendulum, 
Its proportion to the maintaining power, the manner of apply- 
ing the pendulum to the clock, and the structure of the clock, 
are to be found in Mr. Wurrxnhunsz's pamphlet; with only 
this differenoe, that the steel wire should go through a tube 
placed in the axis of the spherical lead weight, and be fixed at 
the bottom instead of the top of it. This, however, is of no 
great consequence if there be a power of altering the height of 
the fixed point I, fig. 1; because Mr. WurrTEnuRsT' s pendu- 
lum consisting partly of steel, partly of lead, therefore the point 
I must be adjusted to the joint expansions of lead and steel, 1 
the wire be fixed at the top of the ball. . 
The first reflection that I shall make is, that the steel wire, 
the brass tube, and the materials which connect the points I E, 
being of different sizes, and different in their disposition to be 
heated or cooled, some one of them might be heated or cooled 
faster than another. But where good clocks are kept, the 
changes of the heat of the atmosphere are so slow, that no 
great difference can take place in the time that each of the 
parts rises to the heat of the atmosphere in the room where 
the clock is kept; none that could make any sensible error. 
As the difference of the time when they acquired the heat, 


would be compensated by the difference of the time when they 
D 2 - 
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acquired the cold, it could hardly happen that any nie dif- 
ference in the going of the clock could arise in any period of 
twenty-four hours, whether transits of the sun or of any of 


the fixed stars were taken. 


The wire in each vibration hangs, during a certain por 


tion of that vibration, between the two cylinders, and touches 


neither of them : during that time, the point Q must be con- 


sidered as the top of the pendulum, not the slit between the 
cylinders; but this part of the vibration may be so very small 
a proportion of it, as not to make any sensible error; and it is 
accompanied on the other hand by a very great advantage. 


Except in Mr. ArNoLD's compensation for heat in watches, i in 
all the other modes a surface or surfaces necessarily slide over 


one another; whenever this happens, if heat, by expanding one 
of the bodies, is to make its surface slide over the other, it has 


two things to accomplish, to overcome the vis insita of the mat- 


ter, and the attraction of the two surfaces to one another. 
When then there is heat enough applied just to overcome the 
vis insita, it would not be sufficient to overcome the attraction 


likewise, excepting the matter was infinitely hard and ine- 


lastic. Although the heat therefore be increased, the com- 


pensating parts at first do not move so much as to overcome 
both these resistances, afterwards the parts jerk on suddenly, 
and in many cases go beyond what they otherwise would have 


done. As none of the expanding parts are to slide upon one 


another in Mr. Anxol 's compensation, and there is a time in 
every vibration, in the apparatus above described, when none 
of the expanding parts slide over any * this disadvantage 
is avoided. 
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III. Some Facts relative to the late Mr. John Hunter's prepa- 
ration for the Croonian Lecture. By Everard Home, Esa. 
F. R. S. 2 


Read November 14, 1793. | 
dend November 14, 1798- 


Ms. HuNTER having announced to the Royal Society that 
he would make the structure of the crystalline humour of the 
eye the subject of the Crooxtan lecture for the present year, 
and having, unfortunately for science, died before his observa- 
tions on that subject were rendered complete, I feel it a duty 

IJ owe to his memory, as well as to the Society, to state the 
facts respecting this humour with which he had acquainted 

me; and shall subjoin an unfinished letter from Mr. HuxTER 
to Sir JosErh Banks on the same Subject. 

It is now many years that Mr. HunTEr has had an idea, 
that the crystalline humour was enabled by its own internal 
actions to adjust itself, so as to adapt the eye to different dis- 
tances; and when the Tenia bydatigena first came under his 
observation as a living, animal, he was surprised to see the 
quantity of contraction that took place in a membrane devoid 
of muscular fibres, but made use of the fact in his investiga- 
tion of the structure of the crystalline humour of the eye. 

Some time after this, having occasion to dissect the eye of 
the cuttle-fish, which he had frequently done before, but not 
with exactly the same view, he discovered in the crystalline 
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humour a structure which corresponded with the idea he had 
formed of its actions in the human eye. He found it composed 
of laminæ, whose appearance was evidently fibrous, for some 
depth from the external surface; but becoming less and less 
distinct, till at last this fibrous appearance was entirely lost, 
and the middle, or central part of the humour, was compact 
and transparent, without any visible laminæ. From this struc- 
ture it would appear, that in the eye of the cuttle- fish the ex- 
terior parts of the humour are fibrous, the interior parts not; 
so that the central part is a nucleus round which the fibrous 
coverings are placed. The preparations which demonstrate 
these facts will be laid before the Society. 
As the structure of the crystalline humour in the cuttle- 
fish differs in nothing from that of the same humour in other 
animals, but in the distinctness of the fibrous appearance, Mr. 
HuNTER was led to consider that the exterior part in all of 
them was zimilar. although no appearance of fibres could be 
demonstrated. _ . 
What I have here explained, I was — with at the 
time I had the honour of giving the CROONIAx lecture, in 
which I examined the different structures endowed with mus- 
cular action; and was desirous that Mr. HUNTER would. 
either of himself, or through me, communicate these observa- 
tions to the Society; but this he declined doing till he had 
ascertained, by experiment, whether any muscular effect was 
really produced; and the hope of being assisted by Mr. 
RAuspEx made him, from time to time, put off making his 
experiments. —— — 
In the course of this season he began his experiments, which 

were founded upon the analogy that ought to exist between 
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this humour, if muscular, and others of a similar structure, 
which led him to expect that they would be acted upon by the 
same stimuli: and having found that a certain degree of heat, 
applied through the medium of water, will excite muscular ac- 
tion, after almost every other stimulus had failed, it was pro- 
posed to apply chis to the crystalline humour, and ascertain 
its effects. 


The crystalline humour taken from animals recently killed, 


must be considered as being still alive. Such humours were 


to be immersed in water of different temperatures, and placed 

in such a manner as to form the image of a lucid well defined 
object, by a proper apparatus for that purpose, $0 that any 
change of the place of that image from the stimulating effects 
of the warm water upon the humour would be readily ascer- 


tained, These were the experiments which Mr. Hux TER had 


instituted and begun; but in which he had not made suffi- 
cient program to enable him to draw my conclusions. 


Jo Sir JoSEPH Banks, from n 
Sir, BY 
When I did 1 the honour of giving in my claim to the 
discovery of the crystalline humour being muscular, and pro- 
posed to make it the subject of the CROONIAN lecture, I did not 
foresee that any thing could prevent me from fulfilling my 
promise; but since that time, what with my state of health, 
which does not allow me to be very active; the hurry of offi- 
cial business on account of the war, and my brother-in-law, 


had the power of repeating my experiments, and drawing out, 


Mr. Howe, being employed on the medical staff, I have not 
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to my atisfaction, the many conclusions which are the result 
of such a power in this humour. 


The laws of optics are so well understood, and the know- 


ledge of the eye, when considered as an optical instrument, 
has been rendered so perfect, that I do not consider myself ca- 
pable of making any addition to it; but still there is a power 
in the eye by which it can adapt itself to different distances 


far too extensive for the simple mechanism of the parts to ef- 


fect. This power writers upon this subject have been at great 
pains to investigate and explain. The motion of the crystal- 
line humour forwards and backwards, was asserted by some to 


be the cause; while others supposed in the eye a power to al- 


ter its shape, so as to shorten or lengthen its axis, which 


altered the distance between the crystalline humour and the 


point of impression; but we should consider that a part of the 
eye ĩs itself a refractor, and that if its shape be altered so as to 


remove the crystalline humour from the point of impression, in 


order to enable it to bring a distant object to its proper focus 


on the retina, this effect will be in some degree counteracted 
by the anterior part of the eye refracting more than before, by 
being rendered more convex. But we have, in fact, no power 


capable of producing this effect; for the straight muscles, s0 
far from appearing to have this power, have been even sup- 
posed to flatten the eye, and shorten its axis: and it is very 


possible that the action of these muscles is such as tends to 
both effects; but being in opposition to each other, the eye re- 
tains its shape, the insertion of these muscles being much 
more forwards than appears to be necessary for the simple 
motions of the eye. Further, when we consider that in many 
animals the shape of the eye is unalterable, as in all of the 
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whale tribe, the sclerotic coat bein g above half an inch thick, 
and composed of a strong tendinous substance. In many fish 
this coat is composed of cartilage; and in all birds the anterior 
part of it is (I believe) composed of bone. From all these 
considerations, I saw no power that could adapt the eye to the 
various distances of which we find it capable in the human 
body, unless we suppose the crystalline humour to be varied 
in figure, which can only be effected by a muscular action 
within itself. With this. idea strongly impressed upon my 
mind, and finding that in many animals, when the crystalline 
humour was coagulated, it had a fibrous structure like muscles, 
I confess it seemed to me to confirm it; but as this might to 
others appear only conjecture, requiring some proof, I set 


about such experiments as were best adapted for that purpose. 


Knowing that in all violent deaths the muscles contract, I 
supposed the crystalline humour, if muscular, would show 


signs of this effect; for which purpose I got the eyes of bul- 


| locks when removed from the sockets, the moment the animal 
was knocked down, and while the eyes were warm the humours | 
were moves. 


Me: Hewran had proceeded thus far in. the account of his 
experiments, when he was suddenly, and very unexpectedly, 
carried off; and as he has left no notes upon this Subject, I am 
unable to make any addition to the account I have already 
Nr. HunTex's laying claim to the discovery of a fibrous 
structure in the crystalline humour, which had been observed 
long before, and described by the accurate LEuWENHOEK, may 


appear to require some explanation. The r of a fibrous 
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arance in that humour, appertains to LEuwENHOEK; but 
the — of an eye in which this structure of the crystalline 
humour was perfectly distinct, and in which all the circum- 


stances, of course, and situation, could be determined, is due 


to Mr. Hux TER: and if it should be found by future observa- 


tion and experiments, that this structure, which is different 


from any that has hitherto been described, is capable of pro- 


ducing consequent actions and effects, sufficient to explain the 
adjustment of the eye to different distances, it will not be con- 
sidered as a small, or unimportant discovery. 


The 8 event which has deprived this learned So- 


ciety of so valuable a member, and which has taken from me 
so able an instructor, so rare an example, and so inestimable a 
friend, is too recent, to make any apology necessary for the 


shortness, or incorrectness of this account. I thought it due to 


the memory of my friend, that no promise of his, however ina- 


dequate I feel myself to the performance, Should be left unful- 2 
filled; and the circumstances of distress, under which it has 


been drawn up, will procure for me way 2 from 


this learned Society. 


aer n. kx RARD HOME. 
Nov. 4, 1793. 2% * 


EXPLANATION OF THE PLATE, Tab. v. 


Fig. ist. A transverse section of the crystalline humour of 


the eye of a cuttle-fish, to shew its structure; the central 


part is transparent, but the others are opaque, having been 


coagulated by proof spirits; and give the appearance of distinct 


fibres surrounding the central part. - 


F, 
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These fibres are not uniform circles or ovals, since the layers 
are of different thicknesses in particular parts; aa the fibres 
where they are most numerous; bb where they are least so. 
Fig. 2d. A section of the crystalline humour, the central 
part being removed, to shew. the fibrous structure of the SUr- 
rounding laminæ. : 1 5 
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Iv. Observations of a quintuple Belt on the Planet Saturn. By 


William Herschel, LL. D. F. R. S. 


Read December 19, 179g. 


U 


| | JO analogy that can be traced in the appearance of the 
planets, seems to throw some additional light on what we 
know of them already. In some of my former papers I have 


established the spheroidical form of the planet Saturn, and 


pointed out the motion of a spot on its disk. From the first 
of these may be inferred a considerable rotation on its axis; 
while the latter goes a step farther, and shews that it has such 
a motion. My late observations seem to hint to us, that the 

period in which it revolves is, probably, not of a long d dura- 
tion. 


They are as follows: 
Nov. 11, 179g. 3 35', Dm reflector, power r 28. 
Close to the ring of Saturn, where it passes across the body 


ol the planet, is the shadow of the ring; very narrow, and 
black. See Tab. VI. fig. 1. 


Immediately South of the Shadow | is a bright, uniform, and ; 


wood belt. 


Close to this bright belt is a broad, darker belt ; which is 


divided by two narrow, white streaks; so that by this means, 


it becomes to be five belts; namely, three dark, and two 


bright ones; the colour of the dark belt is yellowish. 


_ 


Dr. Henscner.'s Observations of. a enki Belt, Sc. 29 


The space from the quintuple belt towards che south pole of 
the planet which is in view, is of a pale, whiti n colour; less 
bright than the white CR belt, and much less so than 


a Wa ring. 


The 3 form of . is very visible, so that it — 
by 1 no means the appearance of a flat disk. 

Nov. 1 3 9 go'. The quintuple belt on Saturn is us it was 
Nov. 11. I saw it three hours ago, and several times since, 
without any visible change. 

Nov. 19, 3 140. The southern belt of Saturn is still divided 
into five. The evening is not clear enough to observe changes 
in it, if there were any. 
| Nov. 22, 2h g2'. The quintuple belt on Saturn remains still 
the same; power 287. 
With 430, I see the same very distinctly, but the small di- 
visions have hardly light enough when so much magnified. 
1 viewed the same belt with four different object specula. 
One of them shewed the divisions uncommonly well. 
Dec. g, oh gz. feet reflector; power 287. The quintuple | 
belt upon Saturn remains as it was Nov. 22. 
I tried several double and plano-concave eye· glasses, but 
found them all defective in figure except one, and that being 


of one inch focal length, the power was too low to expect se- 


ing these belts well with it. 


is not 80 disagreeable as it is generally supposed to be; for 
the eye may have a motion before the lens, and by that means 
a small luminous object, when all the rest of the field is dark, 
and while the telescope remains in the same situation, may be 
seen for as long a time, passing through the field of a concave 


The small ness of the field of view, with astronomical objects 
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eye-glass, as it can in a convex one; whereas with the latter, it 
is well known that such a motion of the eye can be of no use. 
26 96'. 20-feet reflector ; power 157, 300, 480. I see the 
quintuple belt very well. 
We know that the planet Jupiter has many belts. Hae re- 
markable instances of their being very numerous are recorded 
in my journal, one of which is accompanied with afigure. The 
observations are as follows: . 
May 28, 1780. Jupiter's belts are curved ; and hte « are a 
multitude of them all over the body of the planet. See fig. 2. 
Jan. 18, 1790. I viewed Jupiter with the 30- feet reflector. 
There were two very dark, broad belts, divided by an equa- 
torial zone or space, the colour of which was of a yellow cast. 
Next to the dark belts, on each side, towards the poles, were 
bright and dark small belts, alternately placed, and continued : 
almost up to the poles, both ways. * 
In taking out fig. 2. from my journal, I perceive one so very 
unlike it just before, that I am induced to give it here, though 
rather foreign to my present purpose. It contains, however, 
an observation which it will not be amiss to record. 
April 6, 1780. I had a fine view of Jupiter, and saw, as soon 
as I looked into the telescope, without having any previous 
notice of it, the shadow of the ad satellite, and the satellite it- 


* 


self, upon the lower part of the disk. See fig. 3. The shadow 


was 80 black and well defined, that I attempted to meagure i it, 
and found its diameter by the micrometer 1,362. 


This measure of the shadow Should be checked by the fol- 
lowing observation. 

March 13, 1792. 115 34. With the 20-feet reflector, __— a 

power of 800, I estimate the apparent diameter of the largest 
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of jupiter s satellites to be less than one-fourth of the diameter 
of the GeorG1an planet, which 1 have just been viewing. 
With 1200, it seems also to be less, in the same proportion. 
. With 2400, I can plainly perceive the disk of the satellite. 
With 4800, the apparent diameter of the largest of the satel- 
tes is less than one-quarter of that of the GzorG1an planet. 


The analogy alluded to in the first paragraph of this paper, 

refers to the numerous parallel belts which we have noticed, 
in the above given observations, on the disks of Jupiter and | 
Saturn. 
That belts are immediately connect with the rotation of 
the planets will hardly be denied, when those of Jupiter are so 
well known always to lie in the direction of its equatorial | 
motion. Since, then, it appears that the belts of Saturn are 
very numerous, like those of Jupiter, and are also placed in the 
direction of the longest diameter of the planet, it may not be 
without some reason that we infer the period of the rotation 


of the former to be short, like that of the latter. 
The planet Mars, in all my observations, never presentd 


itself with any parallel belts, nor do we observe such phæno- 
mena on the disk of Venus. The first is known to have a ro- 
tation much slower than Jupiter ; * and the latter, according 
to the accounts of CassIN1 and Biaxchixr, is certainly not 
one that moves quickly upon its axis. 
However, I do not mean to enter into the trength of a an 

argument for a quick rotation of Saturn, that may be drawn 
from the condition of its belts. The circumstance of a quin- 


„ See Phil, Trans. Vol. LXXI. Part I. page 134. 
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v. Observations on the fundamental Property of the Lever ; 


Tax want of a demonstration of the property of the lever, 
upon clear and self-evident principles, has justly been consi- 


with a Proof of the Principle assumed by Archimedes, in his 
Demonstration. By the Rev. S. Vince, A. M. F. R. S. 


Read December 19, 1793. 


dered as a great desideratum in the science of mechanics, as 


the most important parts of that branch of natural philosophy 


are founded upon it. ARCHIMEDES was, I believe, the first 


who attempted it. He supposes, that if two equal bodies be 


placed upon a lever, their effect to turn it about any point is 


the same as if they were placed i in the middle point between 
them. This proposition is by no means self-evident, and 
therefore the investigation which is founded upon it has been 


rejected as imperfect. HuvyGEens observes, that some mathe- 


maticians, nof satisfied with the principle here taken for. 


granted, have, by altering the form of the demonstration, en- 
deavoured to render its defects less sensible, but without suc- 


cess. He then attempts a demonstration of his own, in which 
he takes for granted, that if the same weight be removed to a 
greater distance from the fulcrum, the effect to turn about the 
lever will be greater; this is a principle by no means to be 


admitted, when we are supposed to be totally ignorant of the 


3 


effects of weights upon a lever at different distances from the 
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demonstration is imperfect. The demonstration given by Dr. 
HAMILTON, in his Essays, depends upon this proposition, that 
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fulcrum. Moreover, if it were self-evident, his demonstration 


only holds when the lengths of the arms are commensurable. 


Sir I. NEwToN has given a demonstration, in which it is sup- 
posed, that if a given weight act in any direction, and any 


_ radii be drawn from the fulcrum to the line of direction, the 
effect to turn the lever will be the same on whichever of the 


radii it acts. But some of the most eminent mathematicians 


since his time have objected to this principle, as being far 
from self-evident, and in consequence thereof have attempted 


to demonstrate the proposition upon more clear and satisfac- 


tory principles. The demonstration by Mac LAuRIN, as far 
as it goes, is certainly very satisfactory; but as he collects the 
truth of the proposition only from induction, and has not ex- 


tended it to the case where the arms are incommensurable, his 


when a body is at rest, and acted upon by three forces, they 


will be as the three sides of a triangle parallel to the directions 


of the forces. Now this is true, when the three forces act at 


any point of a body; whereas, considering the lever as the 
body, the three forces act at different points, and therefore the 
principle, as applied by the author, is certainly not applicable. 

If in this demonstration we suppose a plane body, in which 
2 8 the three forces act, instead of simply a lever, then the three 


forces being actually directed to the same point of the body, 


the body would be at rest. But in reasoning from this to the 
case of the lever, the same difficulties would arise, as in the 


proof of Sir I. NEwToN. But admitting that all other objec- 
tions could be removed, the demonstration fails when any two 
of the forces are parallel. Another demonstration is founded 
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upon this principle, that if two non-elastic bodies meet with 
equal quantities of motion, they will after impact, continue at 
rest; and hence it is concluded, that if a lever which is in 
equilibrio be put in motion, the motions of the two badies 
must be equal; and therefore the pressures of these bodies upon 
the lever at rest, to put it in motion, must be as their motions. 
Now in the first place, this is comparing the effects of pres- 
sure and motion, the relation of the measures of which, or 
whether they admit of any relation, we are totally unac- 
quainted with. Moreover, they act under very different cir- 
| cumstances ; for in the former case, the bodies acted imme- 
diately on each other, and in the latter, they act by means of 


a lever, the properties of which we are supposed to be i ignorant = 


of. When forces act on a body, considered as a point, or di- 
rectly against the same point of any body, we only estimate 
the effect of these forces to move the body out of its place, 
and no rotatory motion is either generated, or any causes to 
produce it, considered in the investigation. When we, there- 

fore, apply the same proposition to investigate the effect of 
forces to generate a rotatory motion, we manifestly apply it 
to a case which is not contained in it, nor to which there is a 


- single principle in the proposition applicable. The demonstra- 


tion given by Mr. LAxDbEx, in his Memoirs, is founded upon 
= self-evident principles, nor do I see any objections to his rea- 

soning upon them. But as his investigation consists of several 
cases, and is besides very long and tedious, something more 
simple is still much to be wished for, proper to be introduced 
in an elementary treatise of mechanics, so as not to perplex 
the young student either by the length of the demonstration, 
or want of evidence in its principles. What I here propose to 
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offer wilt; I hope, render the whole bisiness not only very 
simple, but also perfectly Satisfactory. . | 
The demonstration given by Ae would be very sa- 
tisfactory and elegant, provided the principle on which it is 
founded could be clearly proved; viz. that two' equal powers 
at the extremities, or their sum at the middle of a lever, would 
bave equal effects to move it about any point. Now, that the ef- 
fects will be the same, so far as respects any progressive motion 
being communicated to the lever when at liberty to move 
freely, is sufficiently clear; but there is no evidence whatever 
that the effects will be the same to give the lever a rotatory 
motion about any point, because a very different motion is 
then produced, and we are supposed to know nothing about 
the efficacy of a force at different distances from the fulcrum 
to produce such a motion. Besides, the two motions are not 
only different, but the same forces are known to produce dif- 
ferent effects in the two cases ; for in the former case the two 
equal powers at the extremities of the arms produce equal ef- 


fects in generating a progressive motion; but i in the latter case 


they do not produce equal effects in generating a rotatory mo- 
tion. We cannot therefore reason from one to the other. The 
principle, however, may be thus proved. 
Let AC, be two equal bodies placed on a straight lever, 
AP moveable about P; bisect AC in B, 
produce PA to Q, and take BQ=BP, 
and suppose the end Q to be sustained by a 
prop. Then as A and C are similarly situated in respect to 
each end of the lever, that is, AP = CQ, and AQ= CP, 
the prop and fulcrum must bear equal parts of the whole 
weight; and therefore the prop at Q will be pressed with a 


2 8 
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EE 
a Pp. 


* Property of the Lever: 37 | 


weight equal to A. Now take away the weights A and C, 
and put a weight at B equal to their sum; and then the weight 


at B being equally distant from Q and P, the prop and fulcrum 


must sustain equal parts of the whole weight, and therefore 
the prop will now also sustain a weight equal to A. Hence if 
the prop Q be taken away, the moving force to turn the lever 
about P in both cases must evidently be the same; therefore 


the effects of A and C upon the lever to turn it about any 
point are the same as when they are both placed in the middle 
point between them. And the same is manifestly true if A 


and C be placed without the fulcrum and prop. If therefore 


AC be a cylindrical lever of uniform density, its effect to turn 


itself about any point will be the same as if the whole were 


collected into the middle point B; which follows from what 
has been already proved, by conceiving the whole cylinder to 


be divided into an infinite number of laminæ perpendicular to 
its axis, of equal thicknesses. 


The principle therefore assumed by ARCHIMEDES is thus 


established upon the most self-evident principle, that is, that 
equal bodies at equal distances must produce equal effects; 
which is manifest from this consideration, that when all the 


circumstances in the cause are equal, the effects must be 
equal. Thus the whole demonstration of Axchiukpxs is ren- 


dered perfectly complete, and at the same time it is very short 
and simple. The other part of the demonstration we shall here 


insert, for the use of those who may not be acquainted with it. 


RE ei BAZ C 
Let XV be a cylinder, which bisect x— 7 


in A, on which point it would manifestly rest. Take any 
point Z, and bisect Z X in B, and ZY in C; then, from 
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what has been proved, the effects of the two parts Z X, 
2M to turn the lever about A is the same as if the weight 
of each part were collected into B and C respectively, which 
weights are manifestly as Z X, Z X, and which therefore 
conceive to be placed at B and C. Now ABS AX - XB 
=1XY—EXZ=LYZ; and AC=AY—YC= 
IXY—LIZY=EXZ; consequently AB: AC: :LYZ: 
XZ: : YZ: XZ: : the weight at C: the weight at B. 
The property of the straight lever being thus established, 
every thing relative to the bent lever immediately follows. 


* 
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VI. Account of some Particulars observed during the late Eclipse 
of the Sun. By William Herschel, LL. D. F. R. S. 


8 


| Read January 9, 1794- 


* will be proper to remark that my attention, in observing 
tis eclipse, was not directed to the time of the several parti- 

culars which are usually noticed in phænomena of this kind; 
such as the beginning, the end, and the digits eclipsed. I was 
very well assured that the care of other astronomers would 

render my endeavours, in that respect, perfectly unnecessary. 
The only view I had was, to avail myself of the power and 


distinctness of my telescopes, in order to see whether any ap- 12 


pearances would arise that might deserve to be recorded; and 
the following particulars will, at least, serve to point out the 
way for similar observations to be made in other eclipses, 
where different circumstances may chance to afford an oppor- 
tunity for gathering some addition to our knowledge, with re- 
_ gard to the nature and condition of the moon, or of the sun, 
and perhaps of both these heavenly bodies. 
Sept. 3, 1793. 8⁰ 40/3“ by the clock.“ My attention being 
directed to the place where I supposed the first impression 
would be made, I perceived two mountains of the moon enter 
the disk of the sun, as delineated at a, b, fig. 1, Tab. VII. The 


Zy account, my sidereal time-piece was about 5 1*,7 too forward; but, as no 
transits had been lately taken, there may be an error of some seconds. 
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time of their beginning to appear, when I saw them first, 
might be one or two seconds past. | 

95 5 feet reflector; power 287. The internal, luminous 
angle made on the sun, by the intersection of the limb of the 
moon, which is now but little more than a rectangle, is per- ; 

fectly sharp up to the very point. It is not in the least disfi- 
gured by the refraction of the lunar atmosphere. The present 
shape of the angle, however, is ; not favourable for chewing the 

effects of that atmosphere. 5 

9 17. The luminous angles of the sun's preceding and fol- 
lowing limbs, which are now acute, remain perfectly sharp. 
One of them, indeed, was disfigured, a little while ago, by the 
entrance of a mountain of the moon, but i is now restored to its 
sharpness. 

100 >. I delineated the appearance of the limb of the moon 
upon the sun, and found its mountains as in fig. 2. At a was a 
large table mountain, as it may be called, from its flat appear- 
ance; at b and c were elevated, pointed rocks. Their ap- 
pearance changing pretty fast, no great Icy can be ex- 
8 in their expressed relative situation. 

suppose the height of the most elevated of these moun- 
tains not to exceed a mile and an half; for, on drawing seve- 
ral of them upon the segment of a large circle, so as to look 

like what they appeared when projected upon the sun, I found 
them to be from the 1500 dth to the 2000dth part of the dia- 
meter of that circle. Then, putting the moon's diameter, as 
M. vt IA LAxpz states it, at 782 French leagues, or 2151 
English miles, we find the 1z0odth part of this to be less than 
one mile and an half for the highest; and the Zzooodth part, 
not quite one mile and a tenth for the lowest. 25 


4 
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I attended all this time to the appearance of the sharp limb 
a bc of the sun, fig. 3, and suspected, sometimes, a little 
bending of the cusps outwards, as expressed at b in fig. 4; 
but upon long, and attentive inspection, I could not satisfy my- 
self of its reality. If there was a bending, it did probably not 
amount to one second of a degree; for, having formerly been 
much in the habit of measuring the moon's mountains,“ the 
quantity of one second, on its disk, was still familiar enough 
to me to estimate it pretty exactly. 
10 1% I looked out with the natural eye for the planet 
Venus, and soon perceived her. In the telescope, with 287, 
she appeared very sharp and well defined, and was a little 
gibbous. 5 
It may seem, perhaps, extraordinary that in the trial above 
mentioned, the eye should be able to ascertain the proportion 
of a quantity so little as the fifteen hundredth, or two thou- 
sandth part of the diameter of the moon; but the experiment 
may be easily repeated in the following manner: 5 
Upon a line, six or eight inches long, drawn on a sheet of 
paper, make several small marks, representing mountains on 
the projected circumference of a large globe. The paper be- 
ing then placed in a proper light and situation, withdraw the 
eye to the distance of 7, 8, or g feet, and take notice which of 
the marks appear of the same size, and distinctness, with the 
® In the years 1779, 1780, and 1781. I did not measure, I suppose, less than an 
hundred mountains of the moon, in which I used three different methods: the projec- 
tion of the tops of these mountains beyond the enlightened part of the disk; the length 
of their shadow on the surface of the moon; and their perpendicular projection on the 
full edge of the moon's limb. Some of these observations are contained in a former 


paper (see Phil. Trans. Vol. LXX. Part II. page 507) ; but most of them remain 
uncalculated in my journal, till some proper opportunity. 


Mpccxclv. — 
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mountains they represent. Then, from the known angular 
magnitude of the moon, calculate its diameter, at the distance 
of your situation; this, multiplied by the power of the tele- 
Scope, gives the diameter of a circle, to the circumference of 
which belongs the line, upon which are placed the marks 
above described. Now, measure the elevation of these marks, 
above that line, and you will obtain the proportion they bear 
to the diameter of the circle. 5 
In my experiment, I found that I could plainly see some 
small protuberances at 9g feet distance, which were no higher 
than the goth part of an inch. Then putting the diameter of 
the moon at go', we have the sum of the logarithms of the 
tangent of go“; of the power 287; and of the zoths of an inch 
contained in g feet ; which, taken from the logarithm of the 
diameter of the moon in miles, gives the logarithm of ,16. - 
By which we find, that so small a mountain as the Fidth, or 
not much more than the sixth part of a mile, may be per- 
_ ceived and estimated, by the telescope and power that was 
used upon this occasion; and that, consequently, the estima- 
tion of mountains, near a mile and an half high, must become 
a very easy task. 


d der Windsor, e WM. HERSCHEL. 
Dec. 30, 1793- | AS MI: 
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| vi. The Latitudes and Longitudes of several Places in Den- e 


mark; calculated from the Trigonometrical Operations. By 
Thomas Bugge, F. R. S. * Professor of InP at 
— gen. 


Read J anuary 9, 1794+ 


Tux n surveying of . was bn in the 
year 1762. The foundations of geographical maps are the tri- 
gonometrical operations, or great triangles, whose bases were 
measured with deal rods. The angles of the triangles were ob- 
Served with a circular instrument of 1 foot radius; the divi- 

sions of this instrument are double, in go and 96 degrees. 
With this instrument the angles may be observed to a less 
error than 8, and the sum of all the angles in every triangle 
very seldom have had a difference of 15” from 180 degrees. 


For this reason the bases, measured at several places in Seland 


and Jutland, have very well agreed with the corresponding 
sides, computed through a long series of triangles, begun from 


the observatory at Copenhagen. I believe that a distance, 


found by those trigonometrical operations, is to be depended 
upon to —i—th part of the whole. I beg leave to observe, 

that the Danish astronomers and geographers, for g1 years, 
have been before hand in making use of circular instruments, 
which now begin to be of a more general use in astronomical 
and geographical observations. The royal observatory at 


Copenhagen has, since the year 1781, been adorned with 
G 2 N 


44 Mr. Bucoꝝ's Latitudes and Longitudes 


circular instrument of 4 feet radius, which, at least at that 
time, was the only circular instrument of that size. 

By the trigonometrical operations, the meridian of Copen- 
hagen, and of several other places, and a perpendicular to the 


meridian of the observatory, are drawn. The special position 
of villages, farms, and cottages, the situation of the coast, 


woods, rivers, ponds, moors, roads, are laid down by the plain 
table, on a scale of 2000 Danish or Rhenish feet to one decimal 


inch. After a reduction to th part, to a scale of- 1 Danis 
mile to 2 inches, we have published 9 geographical maps, 


which, as well for the geometrical exactness, as for the beauty 


of engraving, Seem not to be unworthy of the approbation of 


_ foreigners. ” 
I have described the instruments, and the methods of our 


geometrical surveying, and of the trigonometrical operations, 


in a treatise published in the Danish language at Copen- 
hagen 1779, and translated into the German by Major As ER 


at Dresden, 1787. In this paper I only shall lay before the 
Royal Society a new method of computing the longitude and 
the latitude of places, laid down by * opera- 


tions. 


Let EAIH (Tab. VIII ) be an ellipsis; EH half the less axis; 
IH half the greater axis; A the observatory at Copenhagen ; 
AV its vertical line ; the angle V the complement to the lati- 


| tude of the observatory. Then by the nature of the ellipsis. 
HI* 


AV = "Ha due Hg c- Vf. AN is a great circle, perpen- 


dicular to the meridian of Copenhagen. The tangent to the 
same meridian AF = AV x tang. V. Amnop...D is a 
series of triangles in the direction of the parallel of Copenha- 
gen. gfur r. . . G is a series of triangles in the direction of 
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the meridian GDE of a place G, whose longitude and latitude 
are to be calculated. For the first series of triangles may be 
taken the parallel, divided into small parts AB = BC = CD; 
and for the second series may be taken the meridian GD; be- 

cause the arches of those circles are known by the triangles, 
and computed from the trigonometrical operations. FAGD 
in the ist. fig. is laid down in fig. 2 upon a plane. The angles 
a, b, c, d, are equal to the angles A, B, C, D. The lines af, bf, 
Cf, gdf, are equal to AF, BF, CF, GDF, touching the meri- 
dians AE, BE, CE, GDE in A, B, C, D. The angle dfa = 
DFA = AFB + BFC + CFD. For the place g, or G, are 
given the distance from the meridian of Copenhagen = = gh, 
and the distance from the perpendicular = = ak, and af = AF 
— AV x tang. V. In the case that g is more southerly than 
an, then fþ = af + ak. If the place is northerly, then E 
af - af. Hence tang. dfa = = The complement to the 
angle dfa is the angle fna = Ig, which the meridian gaf 
makes with the perpendicular to the meridian of Copenhagen. 
Now DEA: DFA = AF : AM = tang. V: sin. V; therefore 
the longitude of the place G from the meridian of Copenhagen = = 


- 55 tang. V__ A 
. % | | DEA = DFA x 3 & ad 


ini g f = =— _ 5 At the place g is more e south- 


erly than the perpendicular an, then dg = gf —fd= gf — 

af ; if more northerly than an, in that case dg = af — . 
From hence the latitude of the place g may be found. 
—_—-- The follo wing Table contains the latitudes of towns and 
philüaces, with their longitudes from the royal observatory at 
Copenhagen, calculated from our trigonometrical operations. 


[ mg 
| Longitude. 
| os | Sea or Country. | Latitude, | 
* a By tw In Time. 
| | 2 . bs 1 1 
Landscrone - Sweden | 55 52 23 [0 15 16 [ſo 1 og5 E 
Hveen (church) 232 55 54 38 [0 5 56 ſo o 23,75 E. 
Kullen (light-house) - | 56 18 30 7 58 ſo 0 31,75 W. 
Frankeklint (cape) 'S Langeland 55 9 44 [13847 [o 6 35 8 
Kongsberg (cape) - = | Moen - | 54 58 310 412 [0 © 16,75 W. 
Sproe (isle) - - | Belt 1 55 19 561 37 o o 6 35,25 
Copenhagen (Observatory) - | Seland 55 41 40 OO oo o 0 
Roeskilde (cathedral) - | — — [55 38 25 [o 29 48 |o 1 59,759, W 
Holbek (church) - | — — 55 43 22 51 26 |o 3 25,75 W 
Kallundborg (church) - | —. — 35 40 54 [1 29 12 ſo 5 56,5 W 
Korsor (lght-house) 7. 5».þ — — 5 20 22 1 7 ©. jo $ 48 W 
Nestved (church) | — — | 55 13 55 [o 49 12 [o 3 16,75 W. 
| Riagste — (tower) 1 -- — 55 o 32 0 40 40 2 40,25 W. 
(church) —1 — — 55 26 51 [0 47 20 ſo 3 9,25 W. 
1 "a ados) - | North Jutland} 57 43 441 57 55 [O 7 51,7 W. 
Hiking (ehurch) - | — — 57 27 44 2 35 17 [o 10 21,1 W. 
Fladstrand (church) | - | — — [| 5727 3|2 2 15 0 8 9,0 W. 
Szbye (church) - | — — 57 20 22 2 36 [O 8 10, Ww. 
Aalborg (St. Budolph) - | — — | 57 2 57 [2 39 4 o 10 36,3 W. 
| Nibe (church) - | — — | 56 59 42 55 54 |o 11 43,6 W. 
 Grenaae (church) - | — — | 56 24 57 [141 49 [0 6 47,3 W. 
 Randers (highest steeple) - | — — | 56 27 48 [2 32 3 [o 10 8,2 W. 
Viborg (cathedral) -| — — [| 5727 113 9 z5 jo 12 37,7 W. 
Aarhuus (cathedral) - b — — 56 9 35 [2 21 40 [O 9 26,6 W. 
Ribe (cathedral) - | — 55 19 57 [3 48 25 [o 15 13,7 W. 
Hadersleben (church) = | South Jutlandf 55 15 15 | 3 4 56 [o 12 19,7 W. 
| Norborg (highest steeple) - | or Schleswig] 55 3 53 |2 49 53 [o 11 19,6 W. 
Apenrade (St. Nicolas) - | — — } 55 2 5713 9 7 Jo 12 36,9 W. 
Tondern (Christ.) - | — — | 54 56 30 3 41 53 0 14 47,5 W. 
Sönderborg (St. Mary) ) — — | 54 54 59 [2 47 1 [O 11 8,1 W. 
Flensborg (highest steeple ) - | — — | 54 47 18 ]3 8 5 jo 12 32,3 W. 
Husum (church) | —  — | $4 288 29 [4 38 3 10 14 4-2 W. 
Gluckstad (highest neeple) | Holstein - | 53 47 44 [3 8 43 [o 12 34,8 W. 
Hesseloe (isle) = Kattegat - | 56 11 46 0 314 % 3% . 
Anholt (light-house) - | —=— — | 56 44 20 |o 55 24 0 3 41, W. 


— 


In all the best maps of the Kattegat, as that by Mr. Lous, 
published at Copenhagen, 1790, that by M. VERDUN DÞ LA 
CxxNNE, M. Bokpa, and M. Pix RE“, Paris, 1778, that by 
Mr. AkELEIE, Copenhagen, 1771, that by Mr. ANKERKRONA, 
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Stokholm, 1782, the position of Anholt is very erroneous. 
The light-house of Anholt, and the whole isle, is from 7 to g mi- 
nutes too much westerly ; and the distance from the light-house 
to the Swedish coast, in a direction perpendicular to the meridian 
of the light-bouse is, in all maps hitherto publisbed, nearly 4 
English miles, or ith part of the whole too great. Experience 
has taught the navigators, that they come too soon down 
upon Anholt; or that they, cruising between Anholt and 
Sweden, overrun their reckoning, which was ascribed to the 
currents; although the true reason of it was the great error 
in the geographical and hydrographical position of Anholt in 
a narrow and dangerous passage. 
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VI II. On the Rotation of the Planet Saturn upon its 4 By 
William Herschel, LL.D. F. R. S. 


Read lanuary 29 1790 


Is a late paper on the aukiglicity of the regular belts of the 
planet Saturn, I pointed out an analogy, which might lead us 
to surmise that it had a pretty quick rotation upon its axis; 1 
can at present announce the reality of that rotation. The 
following series of observations, in which Saturn has been 
traced through one hundred and fifty-four revolutions of its 
equator, will sufficiently confirm it. 


The changes i in the belts of Jupiter, it is well known, are so 


frequent, that we find some difficulty to make our observa- 
tions of them agree to within g, 4, or 5 minutes of time; but 
the belts on Saturn, which I have been lately observing, Seem 
to have undergone no very material change, during the course 
of the two last months; so that we may hope the period of 
the rotation of this planet, which will be assigned in this 
paper, may be looked upon as having a considerable degree : 


of exactness. | 

Before we can enter into particulars, it will be necessary to 
give the series of observations upon which my computations 
have been founded. It is not sufficient to extract only those 


parts of them which have served for calculating the period; 
as the value of astronomical observations consists in having 
them entire; every circumstance, as it occurred, is of conse- 


| 
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quence, and facts being stubborn things, we cannot decide 
upon them properly till they have been entirely laid open to 

our view, and sufficiently scrutinized. For this purpose the 
observations are all extracted from the journal, in the regular 
order in which they were made; and here I must remark, that 
I purposely avoided any calculations, or even surmises, of the 
length of a rotation, while the observations were making; in 
order to be perfectly free from every bias that might mislead 
the eye. In this I succeeded so well, that, when I began to 
calculate, I mistook not less than 4 hours and = in the first 
supposition I made; which, happening to agree extracedinarily 
well with four of the most pointed observations, it misled me 
so far, that I was very near rejecting the whole series as in- 
consistent, and began to think the changes i in the belts to have 
been so frequent, and irregular, as not to fall under any kind 
of calculation. It will, however, soon appear that this has 
not been the case, and that, on the contrary, there has been 
more steadiness and regularity in the belts, than might well 
have been expected i in such kind of appearances. 


 OnsenvaTIONs ON THE Ber rs or Sarunn. * 


Nov. 11, 1793. 3˙ 95. ( Correction of the check — —7 25%1). + 5 
Seven- feet reflector; power 287; new specula, uncommonly_ 


A few of these observations have been lately given; but as they are essential to 
the series, I thought it better to repeat them here, than to refer to my former paper. 

+ My time is kept by one of SuBLTox's clocks, set now and then by equal 1:1- 
tudes, taken with a 12-inch BIx D's quadrant; and checked by the passage of a sct of 
Stars over the wire of a four-feet telescope, firmly fixed to the wall of my house. By 
calling the correction minus, I denote, in this case, that the clock is 7' 27% 1 too fast 
for true sidereal time. ; 
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distinct.“ Close to the ring of Saturn, where it passes the 
body of the planet, is the shadow of the ring : very narrow, 
and black. 


Immediately south of the shadow is a a bright, uniform, and 
broad belt. | 


Close to this belt is a broad, darker belt, which is divided by 


two narrow, white streaks; so that, by this means, it becomes 
to be five belts; namely, three dark, and two bright ones; the 


colour of the dark belt is yellowish. (A) 


The space from the quintuple belt towards the south pole 


of the planet which is in view, is of a pale whitish colour ; 


less bright than the white equatorial belt, and much _w so 


than the ring. 
The globular form of Saturn is very visible, 80 that it has, 


by no means, the appearance of a flat disk. 


Nov. 19. 3 30 (Cor. — 7 29,5.) The quintuple belt on 


Saturn is as it was Nov. 11. I saw it three hours ago, and 
Several times since, without any visible change. (B) 


Nov. 19. 35 14. (Cor. — 7 36%8.) The southern belt of 


Saturn is still divided into five; the evening is not clear 
enough to observe —_—_ in it, if there were any. (C) 


Nov. 22. 20 g2' (Cor. — 7 49,4.) The quintuple belt on 


Saturn remains still the same; power 287. 1 


* In the course of these observations, I made 10 new object specula, and 14 small 
plain ones, for my 7: feet reflector; having already found, that with this instrument I 
had light sufficient to see the belts of Saturn completely well; and that, here, the 
maximum of distinctness might be much easier obtained, than where large apertures 
are concerned. * 


+ The letters (A) (B) C), (a) (6b) () &c. as they occur, refer to calculations 
which will be given hereafter. 
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expressly marked otherwise, are to be understood as having been made with that in- 
strument; bearing an eye-glass of 3-tenths of an inch focal length. My object specula 
are generally from 84 to 88 inches in focus, and, therefore, give a power from 280 to 
293. The favourite one gave 287, I had another reason for chiefly confining myself 
to one instrument, and one power; which was, that every circumstance being as much 
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With 430, I see the same very distinctly; but the small di- 
visions have hardly light enough, when so much magnified. 
I viewed the same belt with four different object specula. 


One of them shewed the divisions uncommonly well. 


Dec. g. of 357. (Cor. — 7 53,8.) The quintuple belt upon 5 
Saturn remains as it was Nov. 22. 18) - 


Ah 36“. 20- feet reflector; power 157; goo; 480. TI se the 
quintuple belt very well.* 


Dec. 4. 230 22. (Cor. — 7 550% by a transit.) 1 10-feet re- 


flector. The quintuple belt | is on Saturn, as it was last night. 


() 

4 37 7-feet. The quintuple belt 1s uncommonly dis- 
tinct. The three narrow dark belts are of an equal breadth 
over the whole disk ; the two bright belts which divide them, 
are also of an equal breadth throughout, but a little narrower 


than the dark ones. (G) 


5 58“. I see the quintuple belt so clearly defined through- 


dut all the g dark, and 2 bright belts, that I am apt to guess 
that the side which presents itself to me now is not the same 


I found that the strong light of this instrument was too great a fati gue for the eye, 


which cannot bear to look at a very luminous object for a long time together. For 


this reason, I chiefly used the 7: feet reflector; and in future, all the observations, not 


i 


as possible the same, a change in the object I viewed might be the sooner perceived. 
+ When I found the divisions between the small belts so remarkably distinct, I be- 


gan to suspect that they might not be, all around the planet, perfectly uniform in 


brightness and figure; and therefore now described the phenomena that occurred more 
minutely and carefully, 
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which I saw in the first part of the evening; but it is not 
easily possible to determine whether the air might not be less 


clear then. I saw all other phænomena on Saturn extremely 
well, many times, between 1" and EE * not the belts so well 


as now. (H) 
6 36“. The belt remains as free from interruptions as it 


was at 5 58“. (I) 


66 52“. I see the planet not so well defined now, as I did in 


the first part of the evening; being at present nearer the ho- 
rizon; but I see the belts better than I did at that time. (K) 


Dec. 6. 22 28' ( Cor. — F 572. ) 1 see the quintuple belt 


very distinctly. (L) 


22" 55. I see the quintuple belt as readily as I see the rest 


of the appearances on Saturn. (M) I took care to bend my 
head so, as to receive the picture of the belt in the same direc- 
tion upon the retina, as I did December 4, at 5* 58/.* 


23 55. I now see the quintuple belt full as well as I did | 
Dec. 4s at 3 58. (N) 1 
1 25'. That part of the 8 belt which! is now on the 


meridian, or centre of Saturn, is much less separated and de- 
fined than what was there at 23 350 (0) 


2b 26“. The divisions in the quintuple belt are not grown 


distincter, but rather more confused than they were before; FT | 


can scarcely perceive them. „„ . 
3 28'. The uppermost of the mall dark belts, in that part : 


which is on the meridian, is very faint, and the most north is 


rather darker than before. (Q) es : 


This was a precaution that occurred to me, as there was a possibility that the ver- 
tical diameter of the retina might be more or less sensible than the horizontal one; 
but I had no reason afterwards to suppose that any such difference really exists. 
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4* 28“. The most north of the two belts is darker, and a 
little broader than the most south. (R) 

3 5g'. Saturn is remarkably distinct ; much more so than 
Dec. 4, at 5* 38“; but the quintuple belt is less distinct than it 
was that evening; it has also undoubtedly a different appear- _ 
ance. The northern belt is the darkest and broadest, that next 


to ĩt is less dark; and the third, or southmost belt, is faint, and 


hardly to be seen; the narrow white belts that separate them 
are contracted, and but just visible. (s) 


OrsRnvA Trion UPON THE DOUBLE RING oF SATURN. 15 


Tbe outer ring is less bright than the inner ring. The inner ring 
s very bright close to the dividing Space; and, at about half its 
breadth, it begins to change colour, gradually growing fainter ; 
and just upon the inner edge, it is almost 5 the colour of the dark 
part of the quintuple belt. 
7 52). This is evidently another part of the planet than 
what I saw in the beginning of the evening. (T) 
Dec. 9. 5* 33“. (Cor. — & 0,4.) The quintuple belt is ex- 
tremely distinct, but not so much so, in proportion to the rest 
. the appearances, as I might expect. (U) _ 
6 f. The southmost dark belt is very faint ; the northmost 
is the strongest and broadest ; the bright divisions are very 
small, and difficult to be seen; 1 can, however, trace them all 
along. (V) 
Dec, 11. 1 2“ ( Cor. — 8“ 2% 6. I see the quintuple belt. 
The southmost belt is extremely faint; that to the north is 


© This observation is foreign to the present purpose, but as it is new, and but short, 


I would not omit it; ; and for the same reason, two or three more are retained here- 
after, 
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the darkest and broadest; the middlemost is nearly as dark, 
but not quite so broad. (W) The air is much disturbed by 
wind, and flying haziness. 

5 55˙. The quintuple belt is very Hetinet. The southmost 
belt is less faint than it was at 1* 25' ; but the Find is too high, 
and the air too disturbed, to examine it minutely. (X) . 

Dec. 13. 23˙ 400. (Cor. — 8“ 4%.) I see the divisions of | 

the quintuple belt very well ; but there is a dry wind, and the 

telescope will not shew objects with that degree of distinct- 
ness which it usually does, when moisture is discharged from 
the air, by the precipitation of dew. (I) 
0 467. Isee thequintuple belt very well. 

REMARK ON THE SHADOWS OF SATURN AND ITS RING. 
On the South following part of the ring, close to the body of the 
planet, is the shadow of the body. 

The shadow of the ring upon the body of 1 the planet close to the 
ring, is not parallel to the ring at the two extremes, but à little 
broader there, than in the middle; the ends mn. towards the 

es. 
e bright divisions between the belts are very nar- 
row. The southmost dark belt is not much less faint than the 

northmost. (Z) 
e southmost dark belt on the preceding side, 

which at 23 40%, I thought was a little more south than the 


inside of the ring, now falls short of it. The broad bright belt 
also seems to be narrower now, than it was at that time.“ 


__ * Suspecting that the situation and direction of the belts might not be uniform 
all around the planet, I began to be more careful in describing the particulars relating 


to those circumstances; but found, soon after, that no additional bght could be 
gathered from an attention to them. 
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3 2'. The broad bright belt, is as broad as the next three 
| belts and a half, of the quintuple belt: that is, not quite so broad 
as the quintuple belt, without the southmost narrow dark belt. 
. broad white belt 1 is of the breadth of the three 

adjoining belts. 

5* 11'. Appearances seem to be the same as s they were an 
hour ago. The evening is indifferent. (a) 
Dec. 16. O 43“. (Cor. — & 8% by a transit. ) I see the 
quintuple belt extremely well. 
1 g'. The most south of the three dark belts, is full up to 
_ thezinner edge of the preceding side of the ring; or rather a 
little above (or south of) it. The following side is less south, 
with regard to the ring, than the preceding; so that the 
: quintuple belt is not parallel with that part of the ring, which 
crosses the body. 
. The southmost belt is very faint ; the middle and 
northern ones are much darker, and seem to be broader and 
closer, than J have at other times seen them. (5) 
With 213. This power is too small to distinguish the divi- 
sions of the quintuple belt sufficiently. 

3 12'. There seems to be no material alteration, but I do 
not see the divisions of the belt so distinctly as from the ap- 
pearance of the other phenomena I ought to do. (c) 

4 5'. The southmost belt meets the inner edge of the pre- 
ceding part of the ring very nearly, and the quintuple belt 

Seems to be parallel to the northern part of the ring, or nearly - 
50. 3 1 

4 16˙. 10-feet reflector; power goo. The quintuple belt is 
parallel to the northern part of the ring, which is turned to- 
wards us. 
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5* 35'. 7-feet. The southmost den! is 8 than it was 
at 21. (d) 


Dec. 18. 23" 54. (Cor. — 8 9˙8.) I see the 9 


belt. (e) 


1 197. All the parts of the quintuple belt seem to be very 


uniform. The southmost on the preceding side, reaches full 
up to the ring, where it passes behind the body. (f) 


1 viewed the planet with eight different object specula, they 


all Shewed the quintuple belt very well. 


Dec. 19. 1 41“. (Cor. —8' 10',6.) I have a very beautiful 


view of Saturn. I should suppose this part of Saturn to be 


that, where the quintuple belt is not so distinct as it is on 
some other parts; though I see it very well; yet from the 
extraordinary distinctness of the other phenomena, I think I 


ought to see it still better. (g) 


- 
* 


Fg 
| Tur FIVE OLD SATELLITES. 


EE 


1 560. 10-feet reflector ; with a power of 60 only, I See all 
the five old satellites.“ 


4 15. 7-feet reflector. The southmost belt is faint The | 
quintuple belt is a little broader on the nn side, than 


on the following. (5) 


Dec. 23. 3 46". ( Cor. — & 14,2. ) I see the quintuple belt 
very distinctly. The northmost of the dark belts is the 


broadest and darkest; the southmost is very faint; they are 


parallel to the ring, and the southmost just comes to the 
inner * of * ring. (i) 


* This observation was made to try with how low a power they might be seen. 


A 
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Dec. 29. 1 10. (Cor. —8' 19% 53.) The quintuple belt re- 
mains on Saturr?as it used to be; the southmost of the dark 
belts is faint. (K) 

Jan. 1, 1794. 2b 2“ (Cor. — 822%, 1. ) I see the quintuple 
belt very well; the southmost belt is not much fainter than 
the northmost. (!). 


 OpsERVATIONS or THE SouTn PoLE OF SATURN, AND THE 
Su DOW or THE RIxG. 5 


35 40. The South polar regions of Satu rn, are a 1 little brighter 
in proportion to the bright equatorial belt, than my used to be; 
they are almost as bright as that belt. 
The shadow of the ring upon Saturn is perfectly black, like the 
shadow of Saturn upon the ring. The sbadow of the ring upon 
Saturn, on each side, is bent a little Southwards ; so that the ap- 
parent curve it makes departs a little from — 
5 18'. The three dark belts of the quintuple belt seem to be 
very close, but the air is tremulous ; I can however see them 
divided. ( ; 
Jan. 2. 235 5g. (cor. — 8' 2g',o by a transit. 1. The quin- 
tuple belt is very distinct. The southmost belt is almost as 
dark as the other two. (u) g 
1* 52“. The southmost belt is very nearly, if not * as 
dark and distinct as the northmost. The air is very fine, and 
all the phæ nomena on Saturn are beautifully distinct. (o) 
Jan. 4. 1* 360. (Cor. 8 2g',8. ) The quintuple belt is not so 
distinct as, from the appearance of the rest of the phænomena 
on Saturn, one might expect to see it. All the three dark 
| belts are fainter than I have often seen them; and the south--_ 
most of them is much fainter than the northmost. (p) 
- MDCCXCIV.. _ 
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2* g). The quintuple belt is still faint. The southmost belt 


much fainter than the northmost ; the latter is not only 
stronger, but also broader than the former. (g)? 

Jan. 7. m 4“. (Cor. — 8' 2% 0 by a transit.) The three 
dark belts of the quintuple belt, seem not to differ much in 
colour and breadth, but the evening is very indifferent. (r) 

15 5g/.. The air FN little clearer. The southmost is very 


little (if at all) less dark than the . they are all | 


very faint. (s) 


35 187. As well as the night will permit to see, I jette dark 
delts to be pretty equal in colour and size, the northmost, how- 
ever, is still a little darker, and broader than the other two. (t) 


3 44/7. The dark op seem to be as equal as I have seen 


them at * time. I see them very well. (4) 


TRIAL or Concave ExE GLASSES. 


I tried five new concave eye glasses, but they all proved defec- 


tive in figure ; with one of them, power g60, I saw the quintuple 


belt pretty well. With regard to the eld of VIEW they are full as 


convenient as conve glasses. (v) ü 
5 300. The three dark belts are still nearly alike, and uni- 
| formly divided by the bright ones. (w) 
Jan. 16. 2 52“. (Cor. — 8' 28,6.) I suppose this to be the 
part of the quintuple belt, which i is nearly uniform ; the south- 
most one however is not quite so dark as the northmost. () 
4* 20'. The belts seem to be equal and uniform through- 


out. (0 


3 5. The belts seem to be uniform; the southmost how- 


ever is the faintest. (z) 
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Rotatinn of the Planet Saturn upon its t. 60 


DETERMINATION OF THE Prniop. 


I shall now enter upon the method, which has been used to 
determine the rotation of the planet, from these observations. 

Let K, T, Z, P, in the annexed figure, (see Tab. IX.) repre- 
sent the quintuple belt on the southern hemisphere of Saturn; 
the different parts of which are diversified as expressed by the 
different tints of the belts: thosg at E AK NIHMLG 
being uniform, while others at T B C DV, and RV F 
have the southmost of the small dark belts very faint, and the 
northmost pretty strongly marked. Let a be the south pole of 
Saturn, and let the circle go, 180, 270, 360 represent its equa- 
tor, divided into degrees; so that « 180, « 2 10, a 240, 4 270, 
&c. are meridians of Saturn, which, as the planet turns upon its 
axis, from west to east, will successively pass over the line 
« g y, representing that meridian on Saturn which passes 
through the earth. 

Then the eye of the observer being placed in the line a g , 
at a great distance, and the hemisphere of Saturn, which is 
here projected on the plane of the equator, being in an oblique 
position, will only see the semicircle 9 ge. But on account of 
the great inclination of the arches 7 8, 1 e, to the visual ray 
„a, the eye will not perceive minute divisions, or marks, till 
they come within the limits 7 u, and even then will no where 
judge so well of their brightness and figure as when they draw 
near the situation /. 

The divisions on the equator, are to serve us to point out 
those places of the quintuple belt, which, by future calcula- 
tions of the motion of this equator, will be shewn to have been 
on the meridian, à . , at any given time; and the numbers 

_ 
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are placed in the reverse order of the rotation, that the calcu- 
lated motion of the belt may immediately point out the place 
which is come to the meridian. Thus, if the point K at 180 
has moved zg degrees forward, the situation æ, on the belt, 
may be concluded to be on the meridian ; because it is at 
180 + 33, that is, the 234d degree. 

Assuming for an epoch the observation of Dec. 4. 4 577 
where the different small belts, that make up the quintuple 


belt, are described as quite uniform; let it be placed at the 


180th degree of the divided circle, where it will be ns the ex- 
ues to the view of the observer. =; 
I now select a few observations that are stron gly marked, 
and as far distant from each other as can be found, by way of 
trying in what rotation they will agree. Such are the follow- 
ing two: Dec. 4. 6 52“; Jan. 7. g* 44, for the places where 
the belts were uniform; and other two, Dec. 6. 7 327 
Jan. 4. 2 35, for places where they appeared unequal. The 
sidereal times being corrected, and brought to true mean time, 
we have from Dec. 4. 1 3 46' 51% to Jan. 7. 8 2 11” an in- 
terval of 33 days 18 38 20%; in which time let us en 79 
revolutions to have been made. This .w will give 10' 1 5 40” 
for the time of each revolution. 
In the next place, we have from Dec. 6. 14 38˙47 w Jon "RY 
7 287 12“ an interval of 28 days 16* 49' 25”; and allotting 67 
revolutions to this, we obtain 10* 16' 51” for the time of the 
rotation. These periods being independent of each other, and 
the observations having been made upon different parts of the 
belt, agree very well together. But now, some intermediate 
places are wanted, by way of trying, whether the period thus 
determined will accord with the rest of the observations; and 
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for this purpose I select Dec. 18. 1 19, Jan. 2. 1'52'; and 
bringing them also to true mean time, we have, 

From Dec. 4. 19* 46' 51” to Dec. 18. 7 19/ 28“ an interval 
of 1g days 17 32“ g7”. Then, supposing g2 revolutions to 
have been made, we obtain a period of 10 17 34“ Also, 

From Dec. 4. 19* 46 51” to Jan. 2. 6 54“ 11% is an interval 
of 28 days 17 6' 20”; and admitting 67 revolutions of the 
belts, the period will be 10 17' 6”. „ Do 
These trials of intermediate times agreeing with the former 

sufficiently well, there can remain no doubt about the true 
quantity of the period i in general. I therefore take a mean of 
the two first determinations, which gives 10˙ 16 165 for the 
approximate rotation of Saturn upon its axis. 

It now becomes necessary to construct tables for a general : 
calculation of all the observations. For, if these should con- 
tain descriptions contradicting the calculated appearances of 
the quintuple belt, our assigned period could not be looked 

upon as sufficiently established; on the contrary, if the calcu- 
lated and 'observed appearances are found to agree, we may 
rest satisfied that the rotatory motion of this planet, which has 
so long eluded our strictest attention, is at length obtained. 
In consequence of a few trials, which were made after the 
»th of January, by tables constructed upon this mean period, 
1 found that some small correction was required; and obtaining 
another very good observation on the 16th of the same month, 
it gave me an interval which included one hundred revolutions 
of the equator of Saturn. Now, making the proper deduction 
for the planet's retrograde motion during the time that passed 
between the first and last observation, we have from Dec. 4. 

19 46 31% to Jan, 16. 8¹ 250 39“ an interval of 42 days 


=. Dr. HzRScuEL's Observations on the 


18 38, 48” in which the equator of Saturn moved over 
35998, 87 degrees, from which we —— a 2 of 
10 16 0% 44. 

The following tables have been constructed upon this last 


period, and in the use of them the complement of the geocen- 


tric longitude of Saturn is always to be added, as has been 
explained in the tables of the satellites of that planet. Phil. 


Trans. Vol. LXXX. part II. page 495. 


| E Tankxs FOR THE EQUATORIAL Morion OF SATURN. 


_Epochs of the Longitude of the uniform Part of the Belts 


1793 November 284,18 
1793 December 3830,62 


_ 1794 January = 38 61. 
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— — 


63 


| Motion of the Equator of Saturn, 


in Days, Hours, Minutes, | 
and — | 


Deg. dec. fuers ves dec. Min. 
121,55 1 
243,10 2 

464. 3 
126, 19 = 
247,74) 5 
9,29 EO 
130, 84 EY 
252,38 802 

13.93] N 
256 oy 20] 
257,03 

18,58 || 

140,12 = 

261,67 14 13 
23,22 15 
144,77 16 20 
266,32 1723 
27.86 18 

149,41 19 30 
270, 96 ” 

282.511. 

154,00 E 1 
273.60 5 8 
321324 
138,70 5 

280,25 
_41.80 
163,34 
284,89 
48.44) | 
2.99. 


117 


— 
Dr 
=] 
Roo, 


13 | Min. | 


258 
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The following 30 positions have been calculated by the 
above tables, and belong to the several observations which are 
marked with the tabular letters of references, as has been 
explained in the ad note, page 30. They have been computed to 
two places of decimals, but are only put down in degrees, as 


being sufficiently near for comparing them with the descrip- 
tions belonging to those parts of the belt which they point out. 


-44 Table of calculated Positions. 3 | 
A 201 | K 180 T 94 C 43 m 225 186 
B 77 L 1235 U] 10 d 127 n 155| w 239 
[C 63 M 141 V 31e 167 o 224 * 129 
[D 37 N 7 | Wig 7 216 | þ 94 7 180 
[E 201 O 228 XK 233 9 348 9 128 2 206 
[F 278 P 264 282 3 r i 
|G 11g 9 y 200] 5 non} -- - 
H 149 R 335 4 115] E B8g| f 151 
nel. 111 | 1 266 E 


I may venture to say, that there are not many of these cal- 


culated observations which do not very forcibly concur in 
proving the assigned revolution to be properly stated. I shall 
however only mention a few of the leading ones, and leave 
the rest to be looked over at leisure by those who wish to exa- 
mine the subject minutely. 


In observations previ ious to the 4th of December, no particu- 


lar attention had been given to the minutiæ of the belts ; but 
we may suppose them, on the 11th of November, to have been 


considerably distinct and uniform, to occasion their being no- 
ticed ; and this the calculation verifies. For the position A 
points out 201 degrees, as the situation which was on the 
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meridian at the time of observation, and by the figure we find 
it to be a very marked place. 

A strong evidence of the rotation is the position H 149, ob- 
served Dec. 4, contrasted with the place F 278, which had 
been viewed in the early part of the same evening. The cal- 
culation here completely supports the suspicion which is ex- 
pressed in the observation, © that the side which presented 

itself then was not the same which had been seen in the be- 
« ginning of the evening. 

The observations of Doo: 6, are of the most decisive nature: ; 
as will clearly appear by viewing the calculated positions L M | 
NOPQRST, and comparing them with the descriptions 
belonging to them, that have been given in the observations. 
For, here the revolving belts were Succesively Seen, in all 
their various tints, and the last position T was marked down 
as leaving no doubt of the evident rotation. By the calcula- 
tion it appears that the belts had moved over 329 degrees, in 
the course of this evening's observation. 
When the positions c, d, are compared, which were observed 

Dec. 16, we see that the southmost belt had acquired an addi- 
tional brightness, as the observation expresses. It may not be 
amiss to remark upon this occasion, that brightness relates to 
clearness, distinctness, and easiness' of vision ; in opposition to 
faintness and confused outlines; therefore, the belt being 
brighter here, denotes its being more strongly marked by a 
deeper tint of dusky yellow, and by clearer divisions; so as to 
be easier perceived. F 
Dec. 19 furnishes a good instance of the exactness of our 
period; as the calculated position g perfectly justifies the sur- 
mise which is expressed in the observation. 

MDCCXCIV. K 
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Last of all, the place y, being truly pointed out by computa- 
tion for Jan. 16, after a series of an hundred revolutions since 


the 4th of December, must concur in in our assigned 


period. 
shall only add one general remark, which is, that if we 


lengthen the time of the rotation but 2 minutes, it will throw 
the last observation back above 116 degrees; and if we dimi- 


nish it by 2 minutes, there will arise an excess of more than 
22373 and, in either case, the calculations and observations 
would be totally at variance: from which we may conclude 
that our period must be exact to much less than 2 minutes, 


either way. Indeed, what alterations may have taken place 


in the belts themselves, it is impossible to determine. That 


there have been some, we may admit, and rather suppose, but 
we have no particular reason to suspect them to have been 


very considerable. And, after we have shewn that a proper 

motion, in the spots of the belts, of 116 degrees one way, or 
of 117 the other, would only occasion an error of 2 minutes 
in time, we need not hesitate to fix the rotation of the planet 
Saturn on its axis at 10 16 0,4, 


Slough, „ 78 HERSCHEL. 
an. 22, 1794. | | Ps . e 


na Phil. Trans. for 1793. Part II. page 215. 2d *. for more than two —— 
and a —_ read 1? 11 Lia 


. ————— ———— 


wa * 
F - 
* p 
* 
* 
— 
o 
- 


—_— 


— Ä 


ä— es 


. 


a 


2 


P 


—_— 


_ 


©_ - 


— — —„—½ 


IX. p. 66. 


. MDC CXCTV. 726. 


— * 


' * 
| 
7 
. 
— 
% 
( 
; | 
* 
” * l | 
Y | | 
* | 
22 
3 = * 
\ ' 


i + 4% 
2 * * A 
be o 
* : 


75 
2 


1 


ATE 
3 
r 


&* 
I 


6 
x 


* . 
1 
In 3 

1 
= 
: 

13 
8 

- * 

* 

0 . 5 

N * * 

= 4 3 

2 n 

* 
"7 7 
* 7 
8 N. 


* 


, 


e 


IX. An Account of a Method of measuring the comparative In- 
tensities of the Light emitted by luminous Bodies. By Lieute- 


_ nant-General Sir Benjamin Thompson, Count of Rumford, 


F. N. S. In two Letters to "_ — Banks, Bart. P. R. S. 


Read February 6, 1794. 


. Letter I. 


Avour two years ago, being employed in making a number 


of experiments to determine, if possible, the most ceconomical | 
þ up a very large workhouse, or public ma- 
nufactory, which has been erected in the suburbs of this city 


method of lighti 


under my directions, where the poor, old and young, and all 


industrious people who are in want of work, are employed in 


a great variety of different manufactures, a method occurred 


to me for measuring the relative quantities of light emitted 
by lamps of different constructions, candles, &c. which i is very 


simple, and which I have reason to think perfectly accurate. 


I sent you a verbal account of this little invention about a year 
and a half ago, by Dr. BAADER, who wrote to me that you 


seemed to be pleased with it; but, as I think it very probable, 


that he might not have been able to give you a complete idea 


of the matter from memory, I have determined to send you a 
short account of it in writing, which, if you should think it 
worthy of that honour, you will be pleased to lay before the 
Royal Society. The method is shortly this :— 
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Let the two burning candles, lamps, or other lights to be 
compared, A and B, be placed at equal heights upon two light 
tables, or moveable stands, in a darkened room; let a sheet of 
clean white paper be equally spread out, and fastened upon the 
wainscot or side of the room, at the same height from the 
floor with the lights, and let the lights be placed over against 
this sheet of paper, at the distance of 6 or 8 feet from it, and 6 
or 8 feet from each other, in such a manner, that a line drawn 


from the centre of the paper, perpendicular to its surface, shall 
bisect the angle formed by lines drawn from the lights to that 
centre; in which case, considering the sheet of paper as a 
plane speculum, the one light will be precisely in the line of 
reflection of the other. 


This may be easily performed, by ey placing a piece of ; 


a looking-glass, 6 or 8 inches square, flat upon the paper, in 
the middle of it, and observing by means of it the real lines of 
reflection of the lights from that plane, removing it afterwards 

” as soon as the lights are properly arranged. 


When this is done, a small cylinder of wood, about 4 L of an 


inch in diameter, and 6 inches long, must be held in a vertical 
position about 2 or g inches before the centre of the sheet of 
paper, and in such a manner, that the two shadows of the cy- 
nder corresponding to the two may be distinetly Seen 
upon the paper. 


If these shadows should bs frond to be of aw densities, 
which will almost always be the case, then that light whose 


corresponding shadow is the densest, must be removed farther 


off, or the other must be brought nearer to the paper, till the 
densities of the shadows appear to be exactly equal; or in other 
words, till the densities of the rays from the two lights are 


*. 


measuring the comparative Intensities of Light. 69 


equal at the surface of the paper ; when, the distances of the 
lights from the centre of the paper being measured, the squares 
of those distances will be to each other as the real intensities 
of the lights in question at their sources. 

If, for example, the weaker light being placed at the dis- 
tance of 4, feet from the centre of the paper, it should be found 

necessary, in order that the shadows may be of the same den- 

sity, to remove the stronger light to the distance of 8 feet from 

that centre, in that case, the real intensity of the stronger 
light will be to that of the weaker as 8* to 45; or as 64 to 

16; or 4 to 1; and so for any other distances. 
| 1t is well known, that any quality proceeding from a centre 
in straight lines in all directions, like the light emitted by a 
luminous body, its intensity at any given distance from that 
centre will be as the square of that distance inversely ; and 
hence it is clear, that the intensities of the lights in question 
at their sources, must be to each other as the squares of their 
distances from that given point where their rays uniting are 
Found to be of equal density. For putting z = the intensity of 
B; if P represents the point where the rays from A and from 
B meeting are found to be of equal density or strength, and if 
the distance of A from P be = m, and the distance of B from 
the same pond Pn; then, as the intensity of the light of A 
atP is = = and the WY of the light of B at the same 


place =2- , and as it is = by the supposition, it will be 
1 2 28 
That the shadows being of equal density at any given point. 
_ the intensities of the illuminating rays must of necessity be 
equal at that point also, is evident from hence, that the total 
absence of light being perfect blackness, and the shadow cor- 


\ 
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responding to one of the lights in question being deeper or 
fainter, according as it is more or less enlightened by the other, 
when the shadows are equal, the intensities of the illuminating 
* must be equal likewise. 

In removing the lights, in order to bring the shadows to be 
of the same density, care must be taken to recede from, or ad- 
vance towards the centre of the paper in a straight line, so that 
the one light may always be found exactly in the line of re- 
flection of the other; otherwise the rays from the different 

lights falling upon the paper, and consequently upon the sha- 
dows, at different angles, will render the experiment fallacious. 

When the intensity of one strong light is compared with the 
intensities of several smaller lights taken together, the smaller 


Hgts Should be placed in a line perpendicular to a line drawn 


to the centre of the paper, and as near to each other as pos- 
sible; and it is likewise necessary to place them at a greater 
distance from the paper than when only Single lights are com- 
: pared. | 
In all cases, it is absolutely necessary to take the greatest 
care that the lights compared be properly trimmed, and that 
they burn clear, and equally, otherwise the results of the ex- 
periments will be extremely irregular and inconclusive. It i is 
astonishing what a difference there is in the quantities of light 
emitted by the same candle, when it burns with its greatest 
brilliancy, and when it has grown dim for want of snuffing. 
But as this diminution of light is progressive, and as the eye 
insensibly conforms to the quantity of light actually present, it 
is not always taken notice of by the spectators ;—it is never- 
theless very considerable, in fact, as will be apparent to any 
one who will take the trouble to make the experiment; and 
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so great is the fluctuation in the quantity of light emitted by 
burning bodies, lamps, or candles, in all cases, even under the 
most favourable circumstances, that this is the source of the 
greatest diificulties I have met with in determining the rela- 
tive intensities of lights by the method here proposed. 
Io ascertain by this method the comparative densities, or in- 
tensities of the light of the moon, and of that of a candle, the 
moon's direct rays must be received upon a plane white sur- 
face, at an angle of incidence of about 60“, and the candle 
placed in the line of the reflection of the moon's rays from this 
surface; when the shadows of the cylinder corresponding to 
the moon's light, and to that of the candle, being brought to 
be of equal density, by removing the candle farther off, or 
bringing it nearer to the centre of the white plane, as the oc- 
casion may require, the intensity of the moon's light will be 
equal to that of the candle al the given distance ot the candle 
from the plane. 

| To ascertain the intensity of the light of the heavens by 

day or by night, this light must be let into a darkened room 
through a long tube, blackened on the inside, when its inten- 
sity may be compared with that of a candle or lamp by the. 
method above described. 

To determine the intensity of the direct rays of the « SUN, 
compared to the light emitted by any of our artificial illumi- 
nators, it may perhaps be necessary, considering the almost in- 

_ conceivable intensity of the sun's light, to make use of some a | "= 
further contrivances and precautions, but I am convinced. 1 
however, that it may be done, and that even with a very con- 

siderable degree of precision. And when the relative inten- 

sity of the sun's light at the surface of the earth, compared 
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with the intensity of the light of a given lamp, placed at a 
given distance, and burning with a flame of given dimensions, 
shall be known; it will then be easy, from the known size and 
distance of the sun, to compute the relative density of his 
light at bis surface, compared to the density of the light of 


the flame of the lamp at the surface of that flame. 


I) be intensity of the light emitted in the combustion of | 
iron or of phosphorus in dephlogisticated air, as also that of 
all other burning, or red-hot bodies, may be compared and 
determined by this method with the — facility and 
exactness. 
In my next letter I chall endeayour to give you an account 
ol the result of my inquiries with respect to the best and most 
economical method of producing light by candles, lamps, &c. 
for common use ; together with a comparative view of the ex- 
pence of lights of various kinds, the quantity of light produced 
remaining the same ; with such further remarks and observa- 
tions as may occur. 


Munich, N I am, &c. 
20th December, 1792. | „5 


LETTER II. 
DEAR SIR, 


Since my letter of: the 20th December last I have made 
many improvements in the apparatus contrived for measuring 
the intensity of light, and I have now brought the principal 
instrument to such a degree of perfection, that, if I might 
without being suspected of affectation, I should dignify it with 
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' a name, and call it a photometer. I have likewise made a 
considerable number of new experiments; but before I proceed 
to give an account of them, it will be necessary to describe 
very particularly the alterations I have found it * — to 

make in the instruments. 

And, in the first place, the chadows, jaded of being thrown 
upon a paper spread out upon the wainscot, or side of the room, 
are now projected upon the inside of the back part of a 
wooden box, 74 inches wide, 10+ inches long, and 34 inches Huck 
deep, in the clear, open in front to receive the light, and 2s 

painted black on the inside, in every part except the back, 
upon which the white paper is fastened which receives the 

shadows. To the under part of the box is fitted a ball and 
socket, by which it is attached to a stand which supports it; 
and the top or lid of it is fitted with hinges, in order that the 
box may be laid quite open as often as it is necessary to alter 
any part of the machinery it contains. The front of the box 
is likewise furnished with a falling lid or door, moveable upon 
hinges, by which the box 1 IS closed i in front when it is not in 
actual use. 

Finding it very inconvenient to compare two shadows pro- 

jected by the same cylinder, as these were either necessarily too 
far from each other to be compared with certainty, or when they 
were nearer they were in part hid from the eye by the cylin- 
der, to remedy this inconvenience, I now make use of two cy- 
linders; which being fixed perpendicularly in the bottom of 
the box just described, in a line parallel to the back part of it, 
distant from this back 2755 inches, and from each other g 
inches, measuring from the centres of the cylinders; when the 
, two lights made use of in the experiment are properly placed, 
MDCCXCIV......_ . 
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these two cylinders project four shadows upon the white paper 


upon the inside of the back part of the box, which I shall 


henceforth call the field of the instrument, two of which 
shadows are in contact precisely in the middle of that field, 
and it is these two alone that are to be attended to. To pre- 


vent the attention being distracted by the presence of unneces- 
sary objects, the two outside shadows are made to disappear, 
which is done by rendering the field of the instrument so 


narrow, that they fall without it upon a blackened surface, 


upon which they are not visible. If the cylinders be each 


8 of an inch in diameter, and 276 - inches in height, as in the 


instrument I have lately — it will be quite sufficient, 


if the field be 270 inches wide; and as an unnecessary height 
of the field is not only useless, but disadvantageous, as a large 


surface of white paper not covered by the Shadows produces 


too ng a glare of light, the field ought not to be more 


than +; of an inch higher than the tops of the cylinders. 
In order to be able to place the lights with facility and pre- 


ceision, a fine black line is drawn through the middle of the 
field from the top to the bottom of it, and another (horizontal) 

line at right angles to it, at the height of the top of the cylin- 

ders. When the tops of the shadows touch this last-men- 5 


tioned line, the lights are at a proper height; and when fur- 


ther, the two shadows are in contact with each other in the 
middle of the field, the lights are then in their proper directions. 

In my new- improved instrument (for I have already caused 
four to be constructed) the white paper which forms the field 


is not fastened immediately upon the inside of the back of the 
box, but it is pasted upon a nl gn of very fine ground 
glass, and this glass, thus covered, 


let down into a groove 
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made to receive it in the back of the box. This covered glass is 
5% inches long, and as wide as the box is deep, viz. gz inches, 
but the field of the instrument is reduced to its proper size by 
a screen of black pasteboard interposed before the anterior 
surface of this covered glass, and resting immediately upon N 
A hole in this pasteboard, in the form of an oblong square, 15 
inches wide, and two inches high, determines the — 
and forms the boundaries of the field. This screen should be 
large enough to cover the whole inside of the back of the box, 
and it may be fixed in its place by means of grooves in the sides 
of the box, into which it may be made to enter. The position 
of the opening above mentioned is determined by the height 
of the cylinders, the top of it being +; :- of an inch higher than 
the tops of the cylinders; and as the height of it is only two 
inches, while the height of the cylinders is 2; inches, it is 
evident that the shadows of the lower parts of the cylinders | 
do not enter the field. No inconvenience arises from that 
circumstance ; on the contrary, several advantages are derived 
from that arrangement. 
Instead of the screen just described, I sometimes make use 
of another, which differs from it only in this, that the hole in it, 
which determines the form and dimensions of the field, in- 
| $tead of being quadrangular, is round, and 1-5; inches in dia- 
meter. And when this screen is made use of, the shadows 
are increased in width (by means which will hereafter be de- 
scribed), in such a manner as completely to fill the field, ap- 
pearing under the form of two hemispheres, or rather half 
disks, touching each other in a vertical line. The object I 
had in view in reducing the field and the shadows to a circular 
form was this; I imagined that by diminishing the number 
L 2 
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of objects capable of acting upon the mind, and particularly 
by removing all straight lines and angles, and all unnecessary 
varieties of lights and shades, the attention might be concen- 
trated and fixed in such a manner as to render the sense of 
Sight peculiarly acute in distinguishing any difference in the 
simple objects presented to the eye. But however plausible 
this reasoning may appear, I own the experiment did not an- 
swer my expectation. It is true, the apparent densities of two 
equal hemispheres of shade, in contact with each other, may 
be compared with great facility, and when no discernible dif- 
ference is to be perceived between them, it is more than pro- 
bable that they are in fact very nearly equal but still I have 
found by experience, that two equal parallelograms of shade in 
contact with each other may be compared with the same ease, 
and, I have reason to think, with equal certainty, and that 
even when these united shadows are bounded on three sides by 
a perfectly white surface, illuminated by the direct rays of two 
strong lights ; that is to say, when the screen with the qua- 
drangular opening or field is made use of. 
In describing the cylinders by which the shadows are pro- 
jected, I said they were fixed in the bottom of the box; but as 
the diameters of the shadows of the cylinders vary in some 
small degree, in proportion as the lights are broader or nar- 
rower, and as they are brought nearer to or removed farther 
from the photometer, in order to be able in all cases to bring 
these shadows to be of the same diameter, which I have found 
by experience to be advantageous, in order to judge with greater 
facility and certainty when the shadows are of the same density, 
I have rendered the cylinders moveable about their axes, and 
have added to each a vertical wing 26 of an inch wide, rg of 
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an inch thick, and of equal height with the cylinder itself, 
and firmly fixed to it from the top to the bottom. This wing 
commonly lies in the middle of the shadow of the cylinder, 
and as long as it remains in that situation it has no effect 
whatever ; but when it is necessary that the diameter of one 


of the shadows be increased, the corresponding cylinder 1s 


moved about its axis, till the wing just described emerging out 
of the shadow, and intercepting a portion of light, brings the 


Shadow projected upon the field of the instrument to be of the 
width or diameter required. In this operation it is always 
necessary to turn the cylinder outwards, or in such a manner 
that the augmentation of the width of the shadow may take | 


place on that side of it which is opposite to the shadow cor- 


responding to the other light. The necessity for that pre- 


caution will appear evident to any one who has a just idea of 


the instrument in question, and of the manner of making use 


of it. 


It is dy means of these wings attached to the cylinders : 
that the widths of the shadows are augmenied, so as to fill the 
whole field of the photometer, when the screen with the circular 


opening is made use of. 
As the lower ends of the cylinders which pass through the 
i holes made to receive them in the bottom of the box are about 


28 of an inch less in diameter than their upper parts, which 


cat the shadows, and as they not only go quite through the 


bottom of the box (which is an inch thick) but project near an : 


inch below its inferior surface, and, lastly, as these cylinders 
are not firmly fixed in these holes, it is easy, by taking hold 
of the ends of them which project below the bottom of the 


box, to turn about the cylinders upon their axes, even without 


/ = 
wd 


4 
opening the box. I said above, that the height of the vertical 
wing attached to each of the cylinders was equal to the height 
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of the cylinder itself :—this must be understood to mean, not 


the total length of the cylinder, comprehending that part of 
it which passes into, and through the bottom of the box ; but 


merely its height above the bottom of the box, or part pro- 
jecting, namely 278 inches. 


As it is absolutely necessary that the cylinders should con- 
stantly remain precisely perpendicular to the bottom of the 


box, or parallel to each other, it will be best to construct 
them of brass, and instead of fixing them immediately to the 
bottom of the box (which being of wood may warp), to fix 


them to a strong, thick piece of well hammered plate brass, 


which plate of brass may be afterwards fastened to the bottom 
of the box by means of one strong screw. In this manner two 
of my best instruments are constructed. And, in order to se- 
cure the cylinders e ee firmly in their vertical positions, 


they are furnished with broad flat rings, or em where 


they rest upon the brass plate; which rings are +; of an inch 


thick, and equal in diameter to the projection of the wing of 


the cylinder, to the bottom of which they afford a firm sup- 


port. These cylinders are likewise forcibly pushed, or rather 
pulled against the brass plate upon which they rest, by means 


of compressed spiral springs, placed between the under side of 
that plate and the lower ends of the cylinders. 


Of whatever material the cylinders be constructed, and 
whatever be their forms or dimensions, it is absolutely neces- 
sary that they, as well as every other part of the photometer, 
except the field, should be well painted of a deep black, dead 
colour. That will prevent the inconveniences which would 


, 
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otherwise arise from reflected light, and from the presence of 
too great a number of visible objects. 
In order to move the lights to and from the photometer 
with greater ease and precision, I have provided two long and 
narrow, but very strong and steady tables, in the middle of 
each of which there is a straight groove, in which a sliding 
carriage, upon which the light is placed, is drawn along by 
means of a cord which is fastened to it before and behind, and 
which passing over pullies at each end of the table, goes round 
a cylinder, which cylinder is furnished with a winch, and is so 
placed near the end of the table adjoining the photometer, 
that the observer can turn it about, without taking * eye ö 
from the field of the instrument. 
Many advantages are derived from this arrangement; as 
first, the observer can move the lights as he finds necessary, 
without the help of an assistant, and even without removing 
his eye from the shadows; secondly, each light is always pre- 
cisely in the line of direction in which it ought to be, in order 
that the shadows may be in contact in the middle of the verti- 
cal plane of the photometer; and thirdly, the sliding motion of 


the lights being perfectly soft and gentle, that motion pro-: 


duces little or no effect upon the lights themorives, either to 
increase or diminish their brilliancy. 

These tables, which are 10 inches wide and 33 inches high, | 
and the one of them 12 feet, and the other 20 feet long, are 
placed at an angle of 60 from each other, and in such a situa- 
tion with respect to the photometer, that lines drawn through 
their middles in the direction of their lengths, meet in a point 
5 exactly under the middle of the vertical plane or field of the 


* 


photometer, and from that point the distances of the lights are 
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measured ; the sides of the tables being divided into English 
inches, and a Vernier, showing tenths of inches, being fixed to 
each of the sliding carriages upon which the lights are placed. 

These carriages are so contrived that they can be raised or 


lowered at pleasure, which is absolutely necessary in order that 
the lights may be always of a proper height, namely, that 


they may be in a horizontal line with the tops of the — 5 


of the photometer. 


The method of ascertaining when the lights are at the pro- 


per height has already been described. 


In order that the two long and narrow tables, or platforms | 
just described, upon which the lights move, may remain im- 


moveable in their proper positions, they are both firmly fixed 
to the stand which supports the photometer; and in order that 


the motion of the carriages which carry the lights may be as 


soft and gentle as possible, they are made to slide upon parallel 


brass wires, 9 inches asunder, about +; of an inch in diameter, 


and well polished, which are 1retched out upon the tables from 
one end to the other. 


The pane of glass covered with white paper, which being 


fixed in a groove in the back of che box, constitutes the verti- 
cal plane upon which the shadows are projected, is 33 inches 
long, and 34 inches wide, as has already been observed; 


which is much . than the dimensions assigned above for 


the field; namely, 176 inches wide, and 2 inches high. I had 


two objects in view in this arrangement; first, to render it 


 easier to fix this plane in its proper position; and secondly, to 


be able to augment occasionally the dimensions of the field, 
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by removing entirely the black pasteboard screen from before 
this plane, or making use of another with a larger aperture; 
which is sometimes advantageous.“ 9 

Having now, as I imagine, sufficiently described all the es- 
sential parts of these instruments, it remains for me to give 
some account of the precautions which, from experience, I 
have found it necessary to take in making use of them. 

And first, with respect to the distance at which lights whose 
intensities are to be compared should be placed from the field 
of the photometer, I have found that when the weakest of the 
lights in question is about as strong as a common wax- candle, 
that light may most ad vantageously be placed from go to 6 
inches from the centre of the field; and when it is weaker or 
stronger, proportionally nearer or farther off. When the lights 
are too near, the shadows will not be well defined; and when 
they are too far off, they will be too weak. . 3 

It will greatly facilitate the calculations necessary in drawing 
conclusions from experiments of this kind, if some steady light 
ol a proper degree of strength for that purpose be assumed as 

a standard, by which all others may be compared. I have 

chosen for that purpose an ARGAND's lamp, made in London, 
and very well finished; and thougli the quantity of light 

emitted by this, or any other kind of lamp, is very various, 


* Since writing the above, I have made a little alteration in the form of the box 
which contains my photometer. The front of it, instead of being open, is now closed, 
and the light is admitted through two horizontal tubes, which are placed so as to form 
an angle of 60° their axes meeting at the centre of the field of the instrument. The 
field of the photometer is viewed through an opening made for that purpose in the 
middle of the front of the box, between the two tubes abovementioned. The annexed 
figures, Tab. X. XI. XII. XIII. will serve to give a clearer idea of the instrument, as 
it now is, in its most improved state. | 
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depending in a great measure upon the length to which the 
wick is drawn out, yet I have found by repeated trials that 
this lamp, once properly adjusted, continues to emit light 
more equally for a considerable time than any other — 


and much more so than any candle whatever. 


At the beginning of each experiment I adjust this mandard 


| light in the following manner. Having placed the lamp 


upon its carriage, at the distance of 100 inches from the centre 


of the field of the photometer, measuring from the centre of 

the circular flame of the lamp, a cylindric wax-candle, of 
known weight and dimensions, and which is kept merely for 

that purpose, being lighted and trimmed, and made to burn 


with the greatest possible degree of brilliancy, is placed over 
against it, at a certain given distance (gg inches), and then 


the wick of the lamp is drawn out, or shortened, as it is found 
necessary, till the shadows corresponding to the lamp and to 


the candle, are precisely of the same density; this done, the 


proof candle is extinguished, and laid by for further use, and 
the projected experiment is immediately commenced. . 


Here the proof candle is, proper ly speaking, the standard, 


but the lamp is to be preferred to it for the experiments, on ac- 
count of the superior constancy or equality of its light. 


The only danger of error in this matter arises from the dif- 
ficulty of procuring proof candles, which shall always give 


precisely the same quantity of light, or of making the same 


candle burn with exactly the same brilliancy at different times; 
I flattered myself at one time that even this cause of error and 
uncertainty, however insurmountable the difficulty appears, 
might be in a great measure removed. I conceived that if the 
light from the standard lamp and that of the proof candle, 
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brought to be of the same intensity at the surſace of the ver- 
tical plane, were really stronger at one time than at another, 
the equal shadows of the cylinders would be proportionally 
deeper, and that by comparing, at different times, the density 
of those shadows with a painted scale of shades, regularly gra- 
duated, any difference in the intensity of the standard light 
might be discovered and compensated; but upon making the 
experiment I found, what indeed a little patient reflection 


would have enabled me to foresee, that the apparent den- 


sity of the two equal shadows corresponding to the lights 
compared with a painted scale of shades, exposed in the ame 


light, is ever the same, however the intensity of the rays at the 


surſace upon which those shadows are projected may vary. 
There is however another method by which I think it pro- 
bable that the standard lamp may be adjusted with the requi- 
site degree of precision. It appears, from a considerable 
number of experiments, of which I shall hereafter give a more 
particular account, that the quantity of light emitted by a 


lamp which burns in the same manner, with a clear flame, ane 


without smoke, is in all cases as the quantity of oil consumed. 
1 therefore, the standard lamp be so adjusted as always to 
consume a certain given quantity of oil in a given time, there 
is much reason to suppose that it may then be e on as 
a just Standard of light. E 
In order to abridge the calculations necessary in these in- 
quiries, it will always be advantageous to place the standard 
lamp at the distance of 100 inches of the photometer, and to - 
assume the intensity of its light at its source equal to unity; in 
this case (calling this standard light A, the intensity of the 
light at its source = = 1; and the distance of the lamp from 
"PI 


84 Count RumyorD's Account of a Method of 


the field of the photometer = m = 100;) the intensity of the 
illumination at the field of the photometer (= —#) will be 
expressed by the fraction 5 = 75555 3 and the relative in- 
tensity of any other light which is compared with it, according 
to the directions before given, may be found by the following 
proportion : calling this light B, putting y = its intensity at 


its source, and n= its distance from the field of hip pho- 
tometer, expressed in English inches, as it is r == as was 


m*93 


chewn | in my former letter, or instead of = "qaking its value 


= 75555 it will be Z 5 = 18688. and conmequently y is to 1 as 
n is to 10000; or the intensity of the light B at its source, 
is to the intensity of the standard light A at its source, as 
the square of the distance of the light B from the middle of 


the field of the instrument, expressed in inches, i is to 10000 


and hence it is ) = — : 


Or, if the light of the sun or that of the moon be compared 
with the light of a given lamp or candle C, the result of such 

comparison may best be expressed in words, by saying, that 
the light of the celestial luminary in question, at the surface of 
the earth, or which is the same thing, at the field of the pho- 
tometer, is equal to the light of the given lamp or candle, at the 
distance found by the experiment ; or putting a = the intensity of 
the light of this lamp C at its source, and p its distance in inches 
from the field, when the shadows corresponding to this light, 
and that corresponding to the celestial luminary in question, 
are found to be of equal densities; and putting z = the inten- 
sity of the rays of the luminary at the surface of the earth, 


the result of the experiment may be expressed thus, x = 7 "# 


* See my former letter. 
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or the real value of a being determined by a particular expe- 
riment, made expressly for that purpose with the standard 
lamp, that value may be written instead of it. When the 
standard lamp itself is made use of, instead of the lamp C, then 
the value of a will be 1. 

I have been the more particular in this account of the instru- 
ments employed in these inquiries, the manner in which the ex- 
periments ere conducted, and the principles upon which the 


cConclusions drawn from them are founded, not only because 


the subject being new, the most particular information upon 
all these points is absolutely necessary, to enable others to 
judge with certainty of the matter submitted to their exami- 
nation, but also because I was very desirous of affording every 
information and assistance in my power to those who may be 
disposed to prosecute these very curious and W re- 
searches. ! N 


Hoping that this apology may be chonght sufficient to ex= _ 


cuse the prolixity of these descriptions, I shall now proceed to 
give a short account of such experiments as I have hitherto 
found leisure to make with this apparatus. | 
My first attempts were to determine how far it might be 
possible to ascertain, by direct experiments, the certainty of the 
assumed law of the diminution of the intensity of the light 
emitted by luminous bodies; namely, that the intensity of the 
light is every where as the squares of the distances from the 
luminous body inversely. These experiments appeared to me 
the more necessary, as it is quite evident that this law can only 
hold good when the light is propagated in perfectly trans- 
parent or unresisting spaces, or where, suffering no diminu- 
tion whatever from the medium, its intensity is weakened: 
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—— of the divergency of the rays ; and as it 


is more than. probable that air, even in its purent State, is far 

from being perſectly transparent. 
For greater perspicuity I shall arrange all my experiments 

and inquiries under general heads, and shall begin by prefixing 


to those which relate to the subject now under consideration, 
the general title of 


Experiments upon the Resistance of the Air to Light. 
5 EXPERIMENT I. 


Two equal wax-candles, well trimmed, and which were 


| found by a previous experiment to burn with exactly the ame 
degree of brightness, were placed together, on one side, before 


the photometer, and their united light was counterbalanced by 


the light of an And Axp's lamp, well trimmed, and burning 


very equally, placed on the other side over against them. 
The lamp was placed at the distance of 100 inches from the 


field of the photometer, and it was found that the two burn- 
ing candles (which were placed as near together as possible, 


without their flames affecting each other by the currents of 


air they produced), were just able to counterbalance the light 
of the lamp at the field of the photometer, when they were 
placed at the distance of 60,8 inches from that field. One of 


the candles being now taken away and extinguished, the other 


was brought nearer to the field of the instrument, till its light 


was found to be just able, singly, to counterbalance the light 
of the lamp; and this was found to happen when it had 


arrived at the distance of 43,4 inches. 


— 
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tn this experiment, as the candles burnt with equal bright- 
ness, it is evident that the intensities of their united and single 
lights were as 2 to 1, and in that proportion ought, according 
to the assumed theory, the the squares of the distances, 60, 8 and 
43,4 to be; and in fact, 60,8 : = 3696,64 is to 484 = 1883.56 
as 2 is to 1 very nearly. 
Again, in another experiment, (No. 2.) the distances were, 
with two candles 54 inches. Square 2916. 
with one candle = 38,6. 1 = 1489,96 
Upon another trial (experiment No. g.) 
with two candles = 54,6 inches. IC == = 2981,16 


with one candle = 39, 7. - = 287908 
And in the 4th experiment — 

with two candles = 58,4, inches. Square = as 

with one candle = 42,2. oo = 1780,84 


And _— the mean of the results of these four experi- 
ments. 


* of the 33 
With two candles. With one candle. 
In the experiment No. 1, 3696,64 1883,56 
No. 2, 2916 1489,96 
No. g, 2981,16 1376, og 
No. 4, 3410,56 3 1780,84 | 


4) 9594.36 — 0 6736,45 


Means 3261,09 nd 1682,6 1, 
which again are very nearly as 2 to 1, = 
With regard to these experiments it may be observed, that 
were the resistance of the air to light, or the diminution of the 
light from the imperfect transparency of air, sensible within. 
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the limits of the inconsiderable distances at which the candles 
were placed from the photometer, in that case the distance of 
the two equal lights united ought to be to the distance of one 
of them single, in a ratio less than that of the square root of 2 


to the square root of 1. For if the intensity of a light emitted 
by a luminous body, in a Space void of all resistance, be dimi- 


nished in the proportion of the squares of the distances, it must 
7 of necessity be diminished in a still higher ratio when the light 


passes through a resisting medium, or one which is not per- 
fectly transparent: and from the difference of those ratios, 


namely, that of the squares of the distances, and that other 


higher ratio found by the experiment, the resistance of the 


medium might be ascertained. This I have taken much pains 
to do with respect to air, but have not as yet succeeded in these 


_ endeavours, the transparency of air being so great that the 


- diminution which light suffers in passing through a few inches, : 


or even through several feet of it, is not sensible. 


Having found, upon repeated trials, that the light of a ow, 


properly trimmed, is incomparably more equal than that of a 
candle, whose wick continually growing longer renders its 
light extremely fluctuating, I substituted lamps to candles in 


PI, 


: these experiments, and made such other variations in the 


manner of conducting them, as I thought bid fair to lead to a 
discovery of the resistance of the air to light, were it possible to 


render that resistance sensible within the confined limits of 
my machinery. 

Having provided two lamps, the one an ARGAND's lamp, 
which I made to burn with the greatest possible brilliancy; 
the other a small common lamp, with a single, round, and 
very small wick, which burning with a very clear, steady flame, 
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and without any visible smoke, emitted only about 2 part as 
much light as the Axcanv's lamp; these lamps being placed 
over against each other before the field of the photometer, 
their lights were found to be in equilibrium when the less 
being placed at the distance of 20 inches from the centre 
of that field, the greater was removed to the distance of 101 
inches. I now concluded, that if the less light were to be 
removed to the distance of 40 inches, it would be necessary, in 


order to restore the equilibrium of light, or equality of the 


shadows in the field of the photometer, to remove the greater 
light to the distance of 202 inches; that is to say, if the dimi- 
nution of the light arising from the imperfect transparency of 
the air should not be perceptible within the limits of that dis- 
tance. But if, on the contrary, it should be found upon re- 
peated trials, that the equilibrium was restored when the 
greater light had arrived at a distance sbort of 202 inches, 1 
might thence conclude, that such effect might safely be attri- 
buted to the imperfect transparency of the air: for notwith- 
standing that the light of the smaller lamp would of course be 
diminished as well as that of e greater, yet as there is every 
reason to suppose that the diminution, whatever it may be, 7 
must ever be proportional to the distance through which the 
light passes in the medium, as the augmentation of the dis- 
tance through which the light of the smaller lamp passes is no 
more than 20 inches, while that of the greater is made to pass 
through an additional distance, amounting to more than 100 
inches, it is evident that the diminution of the light of the 
greater lamp, arising from the imperfect transparency of the 
medium, must be greater than the diminution of the light of 
the less lamp, arising from the same cause; and, — 
MDCCXCIV. — 
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that the effects of such diminution would become apparent in 


the experiment, were they in reality considerable. 


The following table will shew the results of the experiments 
which were e made with a view to determine that fact. 


First dist. 
First dist. 
First dist. 


First dist. 


50 First dist. 100 
Second dist. 100 Second dist. 198 
30 First dist. 
Second dist. 100 Second dist. 192.2 
350 First dist. 935,1 
Second dist. 100 Second dist. 191,2 
50 First dist. 1 
Second dist. 100 Second dist. 192,44 


20 First dist. 


| 72 Second dist. 40 0Second dist. 202, 1 20 
First dist. 


Second dist. 204 


101,54 


95.5 


N , — 
| 1 Second a5. 
| | | | tance of the ng 
Mi Distance Distance  greaterlight, . 
Experi- of | of | — = result of the 
ments. the smaller | the greater n experiment 
e Light. 1 — Ius of the ud the the- 
| : squares of —_— 
3 3 5 wy inches. | inches. 
First dist. 20 First dist. 101 | | 
54 Second dist. 40|Second dist. 20g | 202 | + 1 
First dist. 20First dist. 100, | | 
6. Second dist. 40 Second dist. 198,3 200,4 | — 2, 1 
First dist. 20 First dist. 100, 8880 = 


In the four last experiments, instead of the small lamp above 


described, a common ARrGAND lamp was made use of, the wick 
of which was only drawn out so far as to cause it to emit about 
1 part as much light as the other ArGanp's lamp, burning 
with its greatest brilliancy, which was placed over against it. 


In order that in judging of the equality of the shadows, my 
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mind might be totally unbiassed by my expectations, or by any 
opinions I might previously have formed with respect to the 


probable issue of the various experiments, keeping my eye 


constantly fixed upon the field of the photometer, and causing 
the light, whose corresponding shadow was to be brought to 
be of equal density with the standard, to move backwards and 
. forwards, by means of the winch which I had constantly in 
my hand, as soon as the shadows appeared to me to be per- 
fectly equal, I gave notice to an assistant to observe, and si- 
lently to write down, the distance of the lamp or candle, 80 
that l did not even know what that distance was till the expe- 
riment was ended, and till it was too late to attempt to correct 
any supposed errors of my eyes by my wishes, or by my ex- 
pectations, had 1 been weak enough to have had a wish in a 
matter of this kind. I é do not know that any predilection I 
might have had for any favourite theory, would have been able 
to have operated so strongly upon my mind, and upon my 
senses, as to have made black and white appear to me other- 
wise than as they really were; but this I know, that I was very 
glad to find means to avoid being led into temptation. 
But to return to the foregoing experiments; the results of 
- them, so far from affording means for ascertaining the resist- 
ance of the air to light, do not even indicate any resistance 
at all; on the contrary, it might almost be inferred from some 
of them, that the intensity of the light emitted by a luminous 
body in air is diminished in a ratio less than that of the squares 
of the distances; but as such a conclusion would involve an 
evident absurdity, namely that, light moving in air, its abso- 
lute quantity instead of being diminished actually goes on to 
increase, that conclusion can by no means be admitted. 
Ne : 
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Besides the experiments above mentioned, I made a great 
number of others similar to them, and with the same view ; but 
as their results were all nearly the same, I have not thought it 


worth while to lengthen my letter by inserting a particular ac- 


count of them. In general they all conspired to shew that 
the resistance of the air to light was too inconsiderable to be 


perceptible; and that the assumed law of the diminution of 
the intensity of the light may with safety be depended on. 


That the transparency of air in its purest state is very great, 


is evident from the very considerable distances at which objects, 

and such even as are but faintly illuminated, are visible; and I 
was by no means surprised that its want of transparency could 
not be rendered sensible in the small distance to which my ex- 
periments were necessarily confined : but still I think means 


may be found for rendering its resistance to light apparent, 


and even of subjecting that resistance to some tolerably ac accu- 
rate measure. 


An accurate determin ation of the relative n of the 
sun's or moon's light, when seen at different heights above the 


horizon, or when seen from the top, and from the bottom of a 


very high mountain, in very clear weather, would probably 


lead to a discovery of the real amount of the resistance of the 


air to light. 


07 the Loss of Light in its 18 1 Plates or Panes 7 
* different Kinds Glass. 


In these experiments I ä in the following manner. 
Having provided two equal Ax AxpD's lamps, A and B, well 
trimmed, and burning with very clear bright flames, they 


4% 
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were placed over against each other before the photometer, 
each at the distance of 100 inches from the field of the instru- 
ment, and the light of B was brought to be of the same inten- 
Sity as that of A, or the shadows were brought to be of the ame 
density, which was done by lengthening or shortening the 
wick of the lamp B, as the occasion required. This done, and 
the two lamps now burning with precisely the same degree of 
brilliancy, a pane of fine, clear, transparent, well polished 
glass, such as is commonly made use of in the construction of 

looking-glasses, six inches square, placed vertically upon a 

stand, in a small frame, was interposed before the lamp B, at 

the distance of about four feet from it, and in such a position 
that the light emitted by it was obliged to go perpendicularly 
through the middle of the pane, in order to arrive at the field 
of the photometer. The consequence of this was, that the 
light of the lamp B being diminished and weakened in its pas- 
sage through the glass, the illuminations of the shadows in the 
field of the photometer were no longer equal, the shadow cor- 
responding to the lamp A being now less enlightened by the 
light of the lamp B, than the shadow corresponding to the 
lamp B was enlightened hs the undiminished light of the 
lamp A. 
To determine precisely the exact amount of this diminu- 
tion of the light of the lamp B (which was the main object of 
the experiment), nothing more was necessary than to bring 
this lamp nearer to the field of the photometer, till its light 
passing through the glass should be in equilibrium with the 
direct light of the lamp A; or, in other words, till the equa- 
lity of the shadows should be restored; and this I found 


— 
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actually happened when the lamp B, from 100 inches, was 
brought to the distance of 90, inches from the field of the 
photometer. 
Now as it has da been shewn that the intensities of 
the lights are as the squares of their distances from the field 
of the photometer, the illuminations being equal at that field, 
It is evident that the light of the lamp B was diminished, in 
this experiment. in its its passage through the pane of glass, in 
the ratio of 100 to 90,2, or as 1 to, 8136; so that no more 
than ,8136 parts of the light which impinged against the 


glass found its way through it; the other 1864 parts n. | 
dispersed and lost. 


To assure myself that the lamps still continued to emit the 
same relative quantities of light as at the beginning of the ex- 
periment, I now removed the pane of glass, and found that the 
equality of the shadows was again restored, when the lamp B 
arrived at its former ren, 100 inches from the field of the 
photometer. 
This experiment 1 repeated no less than 10 times, pay | 
found the loss of light in its passage through this pane of 

glass, taking a mean of all the experiments, to be, 1973 parts 
of the whole quantity that impinged against it; the variations 

in the results of the various experiments being from , 1720 to 
„2108. 8 
In four experiments, with car pane of the me kind of 
glass, the loss of licht was 1836 3 1732; 0g z and 1853 3 . 
mean ,1869. 3 
When the two panes of this * were . before the 
lamp B, at the same time, but without touching each other, 


* 
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and the light made to pass through them both, the loss of 
light, in four different experiments, was ,go89 ; 3259 3209 : 
and ,3180 ; mean ,q9184, 
With another pane of glass of the same kind, but a little 
thinner, the mean loss of light, in four experiments, was ,181g. 
With a very thin clean, pane of clear, white, or colourless 
window-glass, not ground, the loss of light, in four experi- 
ments, was 1324; , 1218; „1213; and „1297; mean 1263. 
When the experiment was made with this same pane of 
glass, a very little dirty, the loss of light was more than 


doubled. 


Might not this apparatus be very usefully employed by the 
_ optician, to determine the degree of transparency of the glass 
he employs, and direct his choice in the provision of that 
important article in his trade? 
In making these experiments, a great deal of the trouble may 
well be spared, for there is no use whatever in bringing the two 
lamps A and B to burn with the same degree of brilliancy; 31 
that is necessary being to bring the shadows to be of the same 
density, with the glass, and without it, noting the distance of 
the lamp B in each case (the lamp A remaining immoveable 
in its place); for the relative quantity of light lost will ever be 
accurately shewn by the ratio of the squares of those distances, 
whatever be the relative brilliancy with which the two lamps 
burn. The experiment is more striking, and the consequences 
drawn from it rather more obvious, when the lamps are made 
to burn with equal flames; ocherwise that equality is of no 
real advantage. 
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together, was the real distance through which the rays med 
in order to arrive at the field of the photometer. 
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Of the Los of Light in in its Reflection wo the Sucha of a plan 


Glass Mirror. 


In hides * the method of proceeding was ack 
| the same as in those just mentioned. The lamps A and B 
burning with clear, bright, and steady flames, were placed be- 


fore the field of the photometer, and one of them was moved 
backwards and forwards till the illuminations of the shadows 


in the field of the instrument were found to be precisely equal. 

The distance of the lamp B being then noted, this lamp was 
removed, and a mirror being put in its place, but nearer the 
field of the photometer, the lamp was so placed that its rays, 
striking the centre of the mirror, were reflected against the 
field of the photometer, where, by bringing the lamp nearer 


to, or removing it farther from the mirror, the illumination of 


the field by those reflected rays was now brought to be in 
equilibrium with the illumination of the standard lamp, and 
then the distance of the lamp from the centre of the mirror, 
and the distance from thence to the centre of the field, were 


carefully measured, and noted. These two distances added 


e 8 
Now as there is always a loss of light in reflegtion, it is evi- 


dent that the reflected rays must come to the field of the pho- 
tometer weakened, and that in order to illuminate this field 


by these reflected rays as strongly as it was illuminated by the 
direct rays of the same lamp, the lamp must be brought nearer 
to the field. It is likewise evident, from what has already 
been said, that the ratio of the squares of those distances of 
the lamp when its rays pass on directly, and when they 
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arrive after having been reflected, are found to illuminate 

_ equally the field of the photometer, will be an accurate mea- 
sure of the loss of the light in reflection. 

| The following table will shew the results of five experi- 

ments with a small, but most excellent glass mirror, made 
by RaAMsp EX. This mirror, which makes part of an opti- 
cal instrument I caused to be constructed in London about 
twelve years ago, is 7 inches long, and 5L inches wide, and I 

suppose is as perfect as ever glass mirror was of that size. 

I uo0 facilitate the comparison of the results of the experi- 
ments, the lamp B, at the beginning of each experiment 
(when the intensity of its direct rays was compared with the 
intensity of the standard lamp), was placed at the distance of 

- 100 inches, the standard lamp being occasionally moved, in 

order to . an end of the shadows. 
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. my an- De of the | | Real diztance of EZ TY 
Experi- | gle of centre of the mir- | Dinance of the | the lamp, cr | Light lost in the 
ments. | inci- |ror from the cen- P | ge of the re- reflection. 
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3. adn 4. ã £1 a+ am 
„ 40,8 80,8 | 4,9472 
» * = |», {> 
: ]8 |] = | Ss L 
FT 2 d ang 
. | 70 OR. 40,5 | El 50.5 | | +3520 


The mean of these five experiments gives for the loss of 
light 3494: and from hence it appears, that more than q part 

of the light which falls upon the best glass mirror that can be 
constructed is lost in reflection. 

The loss with mirrors of indifferent quality, is still more con- 
siderable. With a very bad common looking-glass the loss, 
Mpccxciv. on 
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in one experiment, appeared to be ,4816 parts; and with 
another looking-glass it was, 4348 parts in one experiment, and 
4430 in another. I should certainly have made an experi- 
ment to determine the loss of light in its reflection from the 
surface of a plane metallic mirror, but I had no such mirror 
at hand. FP. 
| The difference of the angles of incidence at the surface of 
the mirror, within the limits mentioned, namely, from 45 to 
8”, did not appear to affect, in any sensible degree, the re- 
g sults of the experiments. I also found upon trial, that the ef- 
fect produced, by the difference of the angles at which light 
impinges against a sheet of transparent glass through which it 


passes, is, within the limits of 40˙ or 50" from the perpendicu- 
lar, but very 7 SOS: 


o the relative Quantities if 0¹ concumed, and of Light emitted, 


by an ARGAND' s Lamp, and by a Lamp on the common Con- 
struction, with a Riband Wick. 


The Wanner of the Ax AN's 1 is not ak unrivalled, 
but the invention is in the highest degree ingenious, and the 
instrument useful for many purposes; but still, to judge of its 
real merits as an illuminator, it was necessary to know whe- 
ther it gives more light than another lamp in proportion (o 
the ol coneumed. This point I determined in the followin 5 
manner. 
Having placed an ARGAND's lamp, well trimmed, and 
burning with its greatest brilliancy, before my photometer, 
and over against it a very excellent common lamp, with a 
riband wick, about an inch wide, and which burnt with a 


' 
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clear, bright flame, without the least appearance of smoke, l 
found the intensities of the light emitted by the two lamps to 


| be to each other as 17956 to go6g; the densities of the 
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Shadows being equal when the AnGAxp's being placed at the 


distance of 134 inches, the common lamp was placed at the 
distance of 95,2 inches, from the field of the photometer. 
Both lamps having been very exactly weighed when they 
were lighted, they were now (without being removed from 
their places before the photometer), caused to burn with the 
same brilliancy just go minutes; when they were extinguished 
and weighed again, and were found to have consumed of oil, 
the ArGanD's 8 WEEDS and the common lamp B95 of a 
Bavarian pound. 
Now as the quantity of light produced by the An Au- s lamp, 
in this experiment, is to the quantity produced by the common 
lamp, as 17936 to 906g, or as 187 to 100; while the quantity 
ol oil consumed by the former is to that consumed by the latter 
only in the ratio of 25g to 16g, or as 155 to 100, it is evident 
that the quantity of light produced by the combustion of a 
given quantity of oil in an AnœAxpꝰs lamp is greater than that 
produced by burning the same quantity in a common lamp, in 
the ratio of 187 to 155, or as 100 to By. 
The saving, therefore, of oil which arises from n use 
of an Ax ANp's lamp instead of a common lamp in the pro- 
duction of light, is evident; and it appears from this experi- 5 
ment that that saving cannot amount to less than 13 per cent. 
How far the advantage of this saving may, under certain cir- 
cumstances, be counterbalanced by inconveniences that may 
attend the making \ use of this improved lamp, I will not ** : 
tend to determine. - 
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Y the relative Quantities of Light emitted by an AxGanv's Lamp, 
and by a common Waz Candle. 

4 how made a considerable number of nperiments t to de- 
termine this point, and the general result of them is, that a 
common AxGand's lamp, burning with its usual brightness, 
gives about as much light as nine good wax candles; but the 
sizes and qualities of candles are so various, and the light pro- 
duced by the same candle so fluctuating, that it is very difficult 


to ascertain, with any kind of precision, what a common wax 


candle is, or how much light it ought to give. I once found 
that my ArGand's lamp, when it was burning with its 
greatest brilliancy, gave twelve times as much light as a good 
wax candle 2 of an inch 1 in diameter, but never more. 


oft the Flu 8 of the Light emitted by Candles. 


To determine to what the ordinary variations in the quan- 
tity of light emitted by a common wax candle might amount, 
1 took such a candle, and lighting it, placed it before the ho- 
tometer, and over against it an Ax Axp's lamp, which was 
burning with a very steady flame; and measuring the inten- 
sity of the light emitted by the candle from time to time, dur- 
ing an hour, the candle being occasionally snuffed when it ap- 
peared to stand in need of it, its light was found to vary from 
100 to about 60. The light of a wax candle of an inferior 
quality was still more unequal, but even this was but trifling 
compared to the inequalities of the light of a tallow candle. 
An ordinary tallow candle, of rather an inferior quality, 
having been just snuffed, and burning with its greatest bril- 
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liancy, its light was as 100; in eleven minutes it was but gg; 


after eight minutes more had elapsed, its light was reduced to 


23; and in ten minutes more, or twenty- nine minutes after it 
had been last snuffed, its light was reduced to 16. Upon be- 
ing — snuffed it recovered ita __ — 100. 


Of the relative — of Bees War, Tallow, Olive Oil, Rape 
Oil, and Linseed Oil, consumed in the Product ction of Light. 


In order to ascertain the relative quantities of bees wax and 
of olive oil consumed in the production of light, I proceeded in 
the following manner. Having provided an end of a wax 
candle of the best quality, ,68 of an inch in diameter, and 
about four inches in length, and a lamp with five small wicks, 
which 1 had found upon trial to give the same quantity of ligt 

as the candle, 1 weighed very exactly the candle, and the lamp 
filled with oil, and then placing them at equal distances (40 
inches) before the field of the photometer, I lighted them 
both at the same time; and after having caused them to burn 
with precisely the same degree of brightness just one complete 
bour, I extinguished them both, and weighing them a second 
time, I found that 100 parts of wax, and 129 = of oil, had 
deen consumedd. 

Hence it appears, that the consumption of bees wax is to 
the consumption of olive oil, in the production of the same 5 
given quantity of light, as 100 is to 129. 

In this experiment no circumstance was neglected that could 
tend to render the result of it conclusive. Care was taken to 
snuff the candle very often with a pair of sharp scissars, in order 
to make it burn constantly with the same degree of brilliancy ; 
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and the light of the lamp was, during the whole time, kept 


in the most exact equilibrium with the light of the candle; 


which was easily done by occasionally drawing out, a little 


more or less, one or more of its five equal wicks. These wicks, 
which were placed in a right line perpendicular to a line drawn 
from the middle wick to the middle of the field of the photo- 
meter, were about 2g of an inch in diameter each, and + of an 


inch from each other, and when they were lighted, their 1 GRAY 
united into one broad, thin, and very clear, white flame, with- 
out the least appearance of smoke. 


In order to ascertain the relative consumpt ion of olive oil 


and rape oil, in the production of light, two lamps, like that 
just described, were made use of; and the experiment being 
made with all possible care, the consumption of olive oil ap- 


| peared to be to that of rape oil, in the production of the _— 
. of light, as 129 is to 125. 


The experiment being era repeated with olive 4 a 


and very pure linseed oil, the consumption of olive oil — - 
to be to that of the linseed oil as 129 to 120. 


The experiment being twice made with olive oil, and with a 
tallow candle ; once when the candle, by being often snuffed, 


was made to burn constantly with the greatest possible bril- | 


liancy, and once when it was suffered to burn the whole time 


with a very dim light, owing to the want of snuffing, the re- 
 gults of these experiments were very remarkable. 


When the candle burnt with a clear, bright flame, the con- 


; sumption of the olive oil was to the consumption of the tallow 


as 129 is to 101; but when the candle burnt with a dim light, 
the consumption of the olive oil was to the consumption of the 


|  tallow as 129 is to 229. So that it appeared from this last 
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experiment, that the tallow, instead of being nearly as produc- 
tive of light in its combustion as bees wax, as it appeared to 
be when the candle was kept constantly well snuffed, was now, 
when the candle was suffered to burn with a dim light, by far 
less so than oil. | 
But this is not all ; what is «till 1 more: extraordinary is, that 
the very same candle, burning with a long wick, and a dim 
light, actually consumed more tallow than when, being pro- 
perly snuffed, it burnt with a clear, 1 _ and | 
near three times as much light! 
To be enabled to judge of the relative — of light 
actually produced by the candle in the two experiments, it 
will suffice to know, that in order to counterbalance this light 
at the field of the photometer, it required, in the former experi- 
ment, the consumption of 141 parts, but in the latter only the 
consumption of 64, parts of olive oil. But in the former expe- 
riment 110 parts, and in the latter 114 parts of tallow were 
actually found to be consumed. These . were 819 ths of. 
a Bavarian pound. 


From the results of all the 8 EN experiments it appears, 


that the relative expence of the undermentioned inflammable 
. in the n of light, 1 is as follows. 


1 
"ou wax. A good wax at kept well snuffed, 
„% burning with a clear, bright 
.. 0 
Tallow. A good tallow * well mths; 
and burning with a bright flame, 101 


The same tallow candle, burning very 
dim for want of snuffing, - 229 


104 — of a . 


Olive oil. — lamp, = 
| The same burnt in a common . 
with a clear, bright flame, woe 
Smoke, - 33 129 
e ol. | Burnt in the zame manner, 5 4 5 123 


Linseed oil. Like wise burnt in the same manner, 120 


should have been very glad to have made the experiment 
with whale oil, but there was none to be had in the country [ 
 Inhabit. 


2 ne 
| therein mentioned articles, the relative prices of light pro- 
duced by those different materials may very readily be com- 
The light of a wax candle, for instance, costs just nine times 
more at Munich, than the same quantity of light —— by 

burning PE oil! in an ARGAND . A 


of the Transparency 10 Flame. 


To ascertain the transparency of flame, or the measure of the 
resistance it opposes to the passage of foreign or extraneous 
light through it, I placed before the photometer, over against 
the standard lamp, two burning wax candles, well trimmed ; 

and putting them near together, sometimes by the sides of 
each other, and sometimes in a straight line behind each other, 
I found that when their distances from the field of the photo- 
meter were the same, the intensity of the illumination was to 
all appearance the one, whether the light of the one was 
made to pow through the flame of the other, or not. And 
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the same held good, with very little variation, when three, - 
and even when four candles were made use of in the experi- 
ment, instead of two. 

I even caused a lamp to be constructed with nine round 
wicks, placed in an horizontal line, and just so far asunder as to 
prevent their flames uniting, and no farther. ' And I found, 
upon repeating the experiment with this lamp, that the result 
was much the same as with the candles; the intensity of the 
illumination at the field of the photometer being very nearly 
the same, whether these nine 1 were placed so as to cover, 
| and pass through each other, or not. 8 
But I afterwards found means to demonstrate the very great 
i transparency of flame by a still more simple experiment. 
Suspect ing that the only reason why bodies are not visible 
through a sheet of vivid flame i is, that the light of the flame 
affects the eye in such a manner as to render it insensible to the 
weaker light emitted by, or reflected from the objects placed 
behind it, I conceived that a very strong light would not only 
be visible through a weak flame, but also (as all transparent 
bodies are invisible) that it might perhaps cause the flame 
totally to disappear; to determine that fact, I took a lighted 
candle at mid-day, the sun shining moderately bright, and hold. 
ing it up between my eye and the sun, I found the flame of the 
candle to disappear entirely. It was not even necessary, in 
order to cause the flame to become invisible, to bring it to be 
directly between the eye and the body of the sun; it was suffi- 
cient for that purpose to bring it into the neighbourhood of 

the sun, where the light was very strong: even in a situation 
in which the light was not 80 strong as to dazzle the eye 80 much 
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* as to prevent its seeing very distinctly the body of the candle, 
and the wick, not the least appearance of flame was d . © | 

: ible, though the candle actually burnt the whole time very 

vigorously. | | 20 
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X. An Account of some Experiments upon coloured Shadows. 

By Lieutenant-General Sir Benjamin Thompson, Count of 
Rumford, F. R. S. In a Letter to Sir Joseph Banks, Bart. 
4 * . OT 


| Read February 20, 1794 
DEAR SIR, 


Sixer my last letter, being employed in the prosecution of 
my experiments upon light, I was struck with a very beau- 
tiful, and what to me appeared to be a new appearance. De- 
Sirous of comparing the intensity of the light of a clear sky, by 
day, with that of a common wax candle, I darkened my room, 
and letting the daylight from the north, coming through a 
hole near the top of the window-shutter, fall at an angle of 
about 70? upon a sheet of very fine white paper, I placed a 
burning wax candle in such a position that its rays fell upon 
the same paper, and as near as I could guess, in the line of re- 
flection of the rays of daylight from without; when inter- 
posing a cylinder of wood, about half an inch in diameter, be- 
fore the centre of the paper, and at the distance of about two 
inches from its surface, I was much surprised to find that the 
two shadows projected by the cylinder upon the paper, instead 
of being merely shades without colour, as I expected, the one 
of them, that which, corresponding with the beam of daylight, 
was illuminated by the candle, was yellow ; while the other, 
& 
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| corresponding to the light of the candle, and consequently il- 
luminated by the light of the heavens, was of the most beau- 
tiful blue that it is possible to imagine. This appearance, 
1 which was not only unexpected, but was really in itself in the 
l „ highest degree striking and beautiful, I found, upon repeated 
—_ pes trials, and after varying the experiment in every way I could 
—_ think of, to be so perfectly permanent, that it is absolutely im- 
| i pDPossible to produce two shadows at the same time from the 
l} Ra. same body, the one answering to a beam of daylight, and the 
= other to the light of a candle or lamp, without these Shadows 
i > being coloured, the one yellow and the other blue. 
1 255 Ihe experiment may very easily be made at any time by 
| * . GE day, and almost in any place, and even by a person not in the 
—_ least degree versed in experimental researches. Nothing 
f ! wo more is necessary for that purpose than to take a burning 
| gcandle into a darkened room in the day time, and open one 
238 „„ of the window-shutters a little, about half or three quarters of 
—_ an inch for instance; when the candle being placed upon æ table 
| 1 - Z or stand, or given to an assistant to hold, in such a situation 
| LL that the rays from the candle may meet those of daylight 
|| 5 from without, at an angle of about 405, at the surface of a sheet 
= - ok white paper, held in a proper position to receive them, any 
J 4 os Solid opaque body, a cylinder, or even a finger, held before the 
0 paper, at the distance of two or three inches, will project two 
4 . cSjhadoys upon the paper, the one blue, and the other yellow. 
| [| . | If the candle be brought nearer to the paper, the blue 
* 5 shadow will become of a deeper hue, and the yellow shadow 
f j LES 1 will gradually grow fainter; but if it be removed farther off, 
dl | 3 the yellow shadow will become of a deeper colour, and the N 
1 blue shadow will become fainter; and the candle remaining 
i | 
1 
ll 
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stationary in the same place, the same varieties in the strengt 
of the tints of the coloured shadows may be produced merely 


by opening the window-shutter a little more or less, and ren- 
dering the illumination of the paper by the light from without 


stronger or weaker. By either of these means, the coloured 


shadows may be made to pass through all the gradations of 
shade, from the deepest to the lightest, and vice versa; and it 


is not a little amusing to see shadows, thus glowing with all the 
brilliancy of the purest and most intense prismatic colours, 
then passing suddenly through all the varieties of shade, 
preserving in all the most perfect purity of tint, growing 


stronger and fainter, and vanishing and returning at com- 
mand. 15 
With respect to the causes of the colours of these ds, 
there is no doubt but they arise from the different qualities of 
the light by which theyare illuminated; but how they are pro- 


duced, does not appear to me so evident. That the shadow 


corresponding to the beam of daylight, which! is illuminated 
by the yellow light of a candle, should be of a yellowish hue, 


is not surprising; but why is the shadow corresponding to 
the light of the candle, and which is illuminated by no other 


light than the apparently white light of the heavens, blue? I 


at first thought that it might arise from the blueness of the 
sky; but finding that the broad daylight, reflected from the 


roof of a neighbouring house covered with the whitest new 


fallen snow, produced the same blue colour, and if possible of 
a still more beautiful tint, I was obliged to abandon that 


opinion. 
Io ascertain with some degree of precision the real colour 
of the light emitted by a candle, I placed a lighted wax candle, 
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well trimmed, in the open air, at mid-day, at a time when the 
ground was deeply covered with new fallen snow, and the 


| heavens were overspread with white clouds ; when the flame of 
the candle, far from being white, as it appears to be when 
viewed by night, was evidently of a very decided yellow 
colour, not even approaching to whiteness. The flame of 
an AxGAxn's lamp, exposed at the same time in the open 
air, appeared to be of the same yellow hue. But the most 
striking manner of shewing the yellow hue of the light 
emitted by lamps and candles, is by exposing them in the 


direct rays of a bright meridian sun. In that situation the 


flame of an AROGAND's lamp, burning with its greatest bril- 

liancy, appears in the form of a dead yellow semi- transparent 
smoke. How transcendently pure and inconceivably bright 
the rays of the sun are, when compared to the light of any of 
our artificial illuminators, ma may be gathered from the result of 
this experiment. 5 


It appearing to me very probable, that the difference | in the 


| whiteness of the two kinds of light, which were the subjects 
of the foregoing experiments, might, some "ul or other, be 
the occasion of the different colours of the shadows, I at- 
tempted to produce the same effects by employing two artifi- 


cial lights of different colours; and in this I succeeded com- 


pletely. 


In a room previously darkened, the light from two burning 


wax candles being made to fall upon the white paper at a 


proper angle, in order to form two distinct shadows of the cy- 
linder, these shadows were found not to be in the least 


coloured; but upon interposing a pane of yellow glass, ap- 


proaching to a faint orange colour, before one of the candles, 
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one of the shadows immediately | became yellow, and the b 
blue. When two ArcanD's lamps were made use of instead 
of the candles, the result was the same; the shadows were con- 

stantly and very deeply coloured, the one yellow approaching to 
orange, and the other blue approaching to green. I imagined 
that the greenish cast of this blue colour was owing either to 
the want of whiteness of the one light, or to the orange hue of 

the other, which it acquired from the glass. a 
When equal panes of the same yellow glass were be! 
before both the lights, the white paper took an orange hue, but 
the shadows were to all appearance without the least tinge of 
colour; but {wo panes of the yellow glass being afterwards in- 

terposed before one of the lights, while only one pane remained | 

before the other, the colours of the Shadows immediate] V 8 
turned. 

The result of these experiments having confirmed my sus- 
picions, that the colours of the shadows arose from the diffe- 
rent degrees of whiteness of the two lights, I now endeavoured, 
by bringing daylight to be of the same yellow tinge with 
candle light, by the interposition of sheets of coloured glass, 

to prevent the shadows being coloured when daylight and 


: candle light were together the subjects of the experiment; and 
in this I succeeded. I was even able to reverse the colours of OE” 


the shadows, by causing the daylight to be of a deeper yellow 
than the candle light. In the course of these experiments I 
observed, that different shades of yellow given to the daylight 
produced very different and often quite unexpected effects: 
thus one sheet of the yellow glass interposed before the beam 

of daylight, changed the yellow shadow to a lively violet 
colour, and the blue shadow to a light green; two sheets of. 


— * 
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the same glass nearly destroyed the colours of both the shadows; 
and three sheets changed the shadow which was originally 
yellow to blue, and that which \ was blue to a purplish yellow 
colour. 

When the beam of daylight was made to pass through a a 
sheet of blue glass, the colours of the shadows, the yellow as 
well as the blue, were improved and rendered in the highest 

degree clear and brilliant; but when the blue glass was placed 

before the candle, the colours of the Shadows were very much 
7 impaired. 
In order to see what would be the consequence of rendering 
the candle light of a still deeper yellow, I interposed before it 
a sheet of yellow or rather orange - coloured glass, when a very 
unexpected and most beautiful appearance took place; the 
colour of the yellow shadow was changed to orange, the blue 
shadow remained unchanged, and the whole surface of the 
paper appeared to be tinged of a most beautiful violet colour, ap- 

proaching to a light crimson or pink; almost exactly the same 


hue as I have often observed the distant snowy mountains and 


valleys of the Alps to take about sunset. Is it not more than 
probable that this hue is in both cases produced by nearly the 
same combinations of coloured light? in the one case, it is 
the white snow illuminated at the same time by the purest 


light of the heavens, and by the deep yellow rays from the 


west; and in the other, it is the white paper illuminated by 
broad daylight, and by the rays from a burning candle, ren- 
dered still more yellow by being transmitted through the 
yellow glass. The beautiful violet colour which spreads itself 
over the surface of the paper will appear to the greatest ad- 
vantage, if the pane of orange- coloured glass be held in such 


by, 
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2 manner before the candle, that only a part of the paper, half 
of it for instance, be en hay it, | the — 2 of it re- 
maining white. 

To make these experiments with more convenience, the 
paper, which may be about 8 or 10 inches square, should be 
pasted or glued down upon a flat piece of board, furnished with 
a ball and socket upon the hinder side of it, and mounted upon 
a stand ; and the cylinder should be fastened to a small arm 
of wood, or of metal, projecting forward from the bottom of 
the board for that purpose. A small stand, capable of being 
made higher or lower as the occasion requires, should likewise 
be provided for supporting the candle; and if the board with 
the paper fastened upon it be surrounded with a broad black ; 
frame, the experiments will be s0 much the more striking and 
beautiful. For still greater convenience, I have added two 

other stands, for holding the coloured glass through which the 
light is occasionally made to pass, in its way to the white sur- 
face upon which the shadows are projected. It will be hardly 
necessary to add, that in order to the experiments appearing 
to the greatest advantage, all light, which is not absolutely ne- 
cessary to the experiment, must be carefully shut out. 
Having fitted up a little apparatus according to the above 8 
directions, merely for the purpose of prosecuting these in- 
quiries respecting the coloured shadows, I proceeded to make 
a great variety of experiments, some with pointed views, and 
others quite at random, and merely in hopes of making some 
accidental discovery that might lead to a knowledge of the 
causes of appearances which still seemed to me to be enve- 
loped in much obscurity and uncertainty. 
Having found that the shadows n to two like | 
_ MDCCXCIV. Q 
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wax candles were coloured, the one blue, and the other yellow, 
by interposing a sheet of yellow glass before one of them; E 
now tried what the effect would be when blue glass was made 
use of instead of yellow, and I found it to be the same; the 
 $hadows were still coloured, the one blue, and the other yellow, 
with the difference, however, that the colours of the shadows 
were reversed, that which, with the yellow glass, was before 
yellow being now blue, and that which was blue being yellow. 
I afterwards tried a glass of a bright amethyst colour, and 
was surprised to find that the shadows still continued to be 
coloured blue and yellow. The yellow, it is true, had a dirty 
purple cast; but the blue, though a little inclining to green. 
vas nevertheless a clean, bright, decided colour. 
Having no other coloured glass at hand to push these par- 
ticular inquiries farther, I now removed the candles, and open- 
ing two holes in the upper parts of the window-shutters of two 
neighbouring windows, I let into the room from above two 
beams of light from different parts of the heavens, and placing 
the instrument in such a manner that two distinct shadows 
were projected by the cylinder upon the paper, I was enter- 
tained by a succession of very amusing appearances. The 
shadows were tinged with an infinite variety of the most un- 
expected, and often most beautiful colours, whieh continually 
varying, sometimes slowly, and sometimes with inconceivable 
rapidity, absolutely fascinated the eyes, and commanding the 
most eager attention, afforded an enjoyment as new as it was 
| bewitching. It was a windy day, with flying clouds, and it 
seemed as if every cloud that passed brought with it another 
complete succession of varying hues, and most harmonious tints. 
If any colours could be said to predominate it was purples; but 
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all the varieties of browns, and almost all the other colours I 


ever remembered to have seen, appeared in their turns, and 


there were even colours which seemed to me to be perfectly 
new. 5 
Reflecting upon the great variety of colours observed in 


these last experiments, many of which did not appear to have 


the least relation to the apparent colours of the light by which 


they were produced, I began to suspect that the colours of the 


Shadows might, in many cases, notwithstanding their apparent 


brilliancy, be merely an optical deception, owing to contrast, 
or to some effect of the other neighbouring colours upon the 
eye. To determine this fact by a direct experiment, I pro- 
ceeded in the following manner. Having, by making use of 
ga flat ruler instead of the cy linder, contrived to render the 
shadows much broader, I shut out of the room every ray of 
daylight, and prepared to make the experiment with two Ar- 


GAND'S lamps, well trimmed, and which were both made to 
burn with the greatest possible brilliancy ; and having assured 


myself that the light they emitted was precisely of the same 
colour, by the shadows being perfectly colourless which were 


projected upon the white paper, I directed a tube about 12 


inches long, and near an inch in diameter, lined with black 
paper, against the centre of one of the broad shadows; and ; 


looking through this tube with one eye, while the other was 


closed, I kept my attention fixed upon the shadow, while 


an assistant repeatedly interposed a sheet of yellow glass be- 


fore the lamp whose light corresponded to the shadow [ 


observed, and as often removed it. The result of the experi- 
ment was very striking, and fully confirmed my suspicions 


Q 2 
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with respect to the fallacy of many of the appearances in the 
foregoing experiments. So far from being able to observe any 
change in the shadow upon which my eye was fixed; I was not 
able even to tell when the yellow glass was before the lamp, 
and when it was not; and though the assistant often exclaimed 
at the striking brilliancy and beauty of the blue colour of the 
very shadow I was observing, I could not discover in it the 
least appearance of any colour at all. But as soon as I removed 
my eye from the tube, and contemplated the shadow with all 
its neighbouring accompaniments, the other shadows ren- 
dered really yellow by the effect of the yellow glass, and the 
white paper which had likewise from the same cause acquired 
” yellowish hue, the shadow in question appeared to me, as it 
did to my assistant, of a beautiful blue colour. 1 W 
repeated the same experiment with the apparently blue sha- 
dow produced in the experiment with daylight and candle- 
light, and with exactly the same result. 
Hou far these experiments may enable us to account for the 
apparent blue colour of the sky, and the great variety of co- 
lours which frequently adorn the clouds, as also what other 
useful observations may be drawn from them, I leave to phi- 5 
| losophers, opticians, and painters to determine. In the mean 
time, I believe it is a new discovery, at least it is undoubtedly 
a very extraordinary fact, that the eyes are not always to 
be believed, even with respect to the proces or absence 7 
colours. "ET 
I cannot finish this letter without mentioning one circum- 
stance, which struck me very forcibly in all these experiments 
upon coloured shadows, and that is, the most perfect harmony 


\ 
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which always appeared to subsist between the colours, what- 
ever they were, of the two shadows; and this harmony seemed 
to me to be full as perfect and pleasing when the shadows 
were of different tints of brown, as when one of them was 
blue and the other yellow. In short, the harmony of these 
colours was in all cases not only very striking, but the ap- 
pearances were altogether quite enchanting; and I never 
found any body to whom I showed these experiments whose 
eyes were not fascinated with their bewitching beauties. It 
is, however, more than probable, that a great part of the plea- 
sure which these experiments afforded to the spectators arose 
from the continual changes of colour, tint, and shade, with 
which the eye was amused, and the attention kept awake. 
We are used to seeing colours fixed and unalterable, hard as. 
the solid bodies from which they come, and just as motion-- 
less, consequently dead, uninteresting, and tiresome to the = 
eye; but in these experiments all is motion, life, and beauty. 
It appears to me very probable, that a further prosecution 
of these experiments upon coloured shadows may not only 
lead to a knowledge of the real nature of the harmony of 


colours, or the peculiar circumstances upon which that har- 


mony depends; but that it may also enable us to construct in- 
struments for producing that harmony, for the entertainment 
of the eyes, in a manner similar to that in which the ears 
are entertained by musical sounds. I know that attempts 
have already been made for that purpose; but when I consi- 
der the means employed, I am not surprised that they did not 
succeed. Where the flowing tide, the varying swell, the 
crescendo is wanting, colours must ever remain hard, cold, and 
inanimate masses. 
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I am very sorry that my more serious occupations do not 
at present permit me to pursue these most entertaining in- 
quiries. Perhaps at some future period 1 may find leisure to 
resume them. DT : 


Munich, 
5 Ist March, 1783 


1 am, &c. 
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XI. Investigations, founded on the Theory of Motion, for deter- 
mining the Times of Vibration of Watch Balances. By George 
Atwood, Esg. F. R. S. 


Read my 27, 1794. 


E — for measuring time by vibratory motion were 
invented early in the sixteenth + century: the single pendu- 
lum had been known to afford a very exact measure of time 

Jong | before this period; yet it appears from the testimony of 

historical accounts, as well as other evidences, that the ba- 

lance was universally adopted in the construction of the first 
clocks and watches; nor was it till the year 1657 that Mr. 

Hu vGENS united pendulums with clock-work. 

The first essays of an invention, formed on principles at 

once new and complicated, we may suppose were imperfectly N 


executed. In the watches of the early constructions, some of 


The ancients, as early as 140 years before Cu R185 r (probably much earlier) were 
acquainted with the use of wheel-work in constructing instruments for measuring 
time. Denticuli alius alium impellentes, versationes modicas faciuut ac motiones,” 
is the expression of Virzuvius in describing a machine, one of the principal uses of 
which was to indicate the hour of the day. Vibrations are no where mentioned or 
alluded to in the descriptions of the-clocks constructed by the ancients, Dr. Dzz- ; 
AM on Clock-work, p. 86, 4th edit. 

| + About the year 1 500, according to some accounts. 

t Tren Braus is supposed to have used the pendulum in astronomical observa- 
tions. Riccior us, Kixcusr, MEASsEN Ns, and many others, are expressly men- 
toned by STURMIvs to have employed this method of measuring time. 
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which are still preserved, the balance vibrated merely by the 
impulses of the wheels, without other control or regulation: 


the motion communicated to the balance by one impulse con- 


timied till it was destroyed, partly by friction; and partly by 
ceeding impulse in the opposite direction; nee 


must of course have been very unsteatly and irregular. 


These imperfections were in a great measure remedied dy = 
Dr. Hooke's ingenious invention of applying a spiral spring 


to the balance: * the action of this spring on the balance of a 


watch, is similar to that of gravity on a pendulum: each kind 


of force has the effect of correcting the irregularities of im- 


pulse and resistance, which otherwise disturb > the isochroniem 5 
of the vibrations. 


During the present century, various improvements have 


L been made in the construction of watches, principally by the 
artists of this country, to whose ingenuity and skill, aided and 


encouraged by public rewards, we must attribute the excel- 


1 lence of the modern watches and time-keepers, so highly va- 
Iuahle for their uses in geography, navigation, and astronomy. 


The principles on which time-keepers are constructed, con- 


sidered in a theoretical view, afford an interesting subject of 


investigation. It is always satisfactory to compare the motion 


of machines with the general laws of mechanics, whenever 
friction and other irregular forces are so far diminished as to 


allow of a reference to theory; especially if inferences, likely 


to be of practical use, may be derived from such comparison. 


Anno 16 58.—An inscriptioa on a balance-spring watch, presented to King 


 CnanLes II. fixes the date of this invention to the year 1658. Dr. Dex nan relates, 


that he had seen the watch, on which the following inscription was-engraved : “ Ro- 
Dr Hooks inven. 1658, T. Towuy1on fecit, 1675.” Dr. Dexzfam on Clock- 
work, P- 103. | | 
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In time-keepers, the irregular forces, both of impulse and re- 
sistance, are much diminished by the exactness of form and 
dimension which is given to each part of the work; and 
they are further corrected by the maintaining power derived 
from the main spring: for whatever motion is lost by the ba- 
lance from resistance of any kind, almost the same motion is 
communicated by the maintaining power, so as to continue the 
arc of vibration, as nearly as possible, of the same length. 
In these machines, the real measure of time is the balance, 
all the other work serving only to continue the motion of the 
balance, and to indicate the time as measured by its vibrations. 
The regularity of a time-keeper will therefore depend on that 
of the time in which the balance vibrates : to investigate this 
time of vibration, from the several data or conditions on which 
it depends, is the object of the ensuing pages. 5 
Let PMNS (Tab. XIV. fig. 1.) represent the circumference 5 
of a watch balance, which vibrates by the action of a spiral“ 
spring, on an axis passing through the centre C. Let OD BE 
be the circumference of a concentric circle, considered as fixed, 
to which the motion of the balance may be referred. In the 
_ circumference of this circle let any point O be assumed, and 
when the balance is in its quiescent position, suppose a line 
to be drawn through C and O, intersecting the circumference 
of the balance in the point A; the radius C A will be an index, 
by which the position of the balance, and its motion through 
any different arcs of vibration, will be truly defined. In the 
ensuing pages, the motion of the balance, and the motion of 
the index C A, will be used indifferently, as terms conveying 


In these investigations it is indifferent whether the balance is supposed to vibrate 
by the action of a spiral or helical ring. 
MDCCXCIV. — R 
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the same meaning. Since the balance is in its quiescent posi- 
tion when the index C A is directed to the fixed point O, on 
this account O is called the point of quiescence of the balance, 


or balance spring, indicating the position when the balance is 


not impelled by the spring's elastic force either in one direc- 
tion or the other. If the balance should be turned through 


any angle OCB, the spiral spring being wound through the 
same angle, endeavours by its elastic force to restore itself; 
and when at liberty, impels the balance through the are BO 
with an accelerated velocity till it arrives at the position O, 


where the force of acceleration ceases; with the velocity ac- 


quired at O, the balance proceeds in its — A 
the arc OE with a retarded motion. 


The elastic forces of the . t equal distances on the 


opposite sides of the point O, are assumed to be equal; it is 
also assumed that the effects of friction, and other irregular 
resistances which retard the motion of the balance, are com- 
pensated by the maintaining power, so that the time of de- 
scribing the first arc of vibration BO by an accelerated mo- 


tion, shall be equal to the time of describing the latter are 


OE by a retarded motion, and that the entire arc of vibra- : 


tion BOE is bisected by the point O. 
To render the construction of fig. 1. more n the Gas ; 


circle ODBE is represented to be at a small distance from 
the circumference of the balance, but is to be considered as co— 
incident with it, so that the arc BO subtending the angle 
B CO, may be of the same length with an arc of the circum- 


ference of the balance which subtends the same angle B CO: 
on this principle CO or C A may be taken 5 — as 
the radius of the balance. 
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The determination of the time in which the balance vi- 
brates, from the theory of motion, requires the — par- 


ticulars to be known. 


ist. The spring's elastic force, which impels the circumfe- 
rence of the balance when it is at a given angular distance 
OD (fig. 1.) from the quiescent point O. 
 edly. The law or ratio observed in the variation of the 
spring's force, while the balance is impelled from the extremity 
of the semiarc B to the _ of quiescence O, where all acce- 
leration Ceages. 
gdly. The weight of the balance, including the parts which 
vibrate with it. 
Athly. The radius of the balance C o, and the distance of 
the centre of gyration from the axis of motion CG. 
5thly. The length of the semiarc BO. 


Suppose the plane of the balance to be placed vertically, - : 


and let a weight P (fig. 2.) be applied by means of a line 
suspended freely from the circumference at T, to counterpoise 

the elastic force of the spring when the balance is wound 

through an angle from quiescence OC D. This weight P (the | 
weight of the line being allowed for) will be the force of the 7 
spiral spring which impels the circumference of the balance, 
when at the angular distance 0 D, from the quiescent po- 
sition. N | 

It appears from many experiments, that the weights neces- 

sary to counterpoise a spiral spring's elastic force, when the ba- 
lance is wound to the several distances from the quiescent point, 
represented“ by the arcs OG, OH, Ol, (fig. 2.) &c. are nearly 
in the ratio of those several arcs. It also appears, that the shape 

the length, and number of turns of the spiral may be so adjusted 


BERT HO Traite des Horloges marines, p. 49. 
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to each other, that the forces of elasticity shall be counterpoised 


by weights which are in the precise ratio of the angular dis- 
tances from the quiescent position, or, as it is sometimes ex- 


pressed, in the ratio of the spring's tensions; at least as nearly 


as can be ascertained by experiment: this law of elastic forcę is 


assumed in the subsequent investigation. 


The position of the centre of gyration may be always deter- 


mined when the figure of the vibrating body is regular, by 
calculating the sum of the products which arise from multi- 
plying each particle into the square of its distance from the 
axis of motion, and dividing the sum by the weight of the 
vibrating body; the square root of the result will be the dis- 


tance of the centre of gyration from the axis of motion. When 


the figure of the vibrating body is irregular, recourse may be 
had to experimental * methods, in order to determine the po- 
sition of the centre of gyration. 


Let the radius of the balance CA or CO =r, 1% 1. 5 the 


semiarc BO b; let the spring's elastic force, acting on the 
circumference of the balance, when wound to any given angle 
OCD from the quiescent position be = P, and let the arc 

ODS a; the weight of the balance, and the parts which vi- 
brate with it W; the distance of the centre of gyration 


from the axis of motion CG=g. These notations being 


premised, the resistance of inertia by which the mass con- 
tained in the balance opposes the communication of motion to 


the circumference 1s : and consequently the force which 

accelerates the circumference at the angular distance O C D 
* 

from the quiescent position is 7 en. This quantity remaining 

invariably the same, while the balance describes the arc of 


vibration BO E, may be denoted by the letter F, so that 


®» Treatise on the Rectilinear Motion and Rotation of Bodies, p. 226 and 301. 55 


the Times of Vibration of Watch VER 125 


Fa ＋ suppose the radius CA commencing a vibration from 
the point B to have described the arc B H, and let OH=z; 
since the force which accelerates the circumference at the 
angular distance from quiescence OD is = F, and the forces 
of acceleration are supposed to vary in the proportion of the 
angular distances from the quiescent point O, the force 
which accelerates the circumference of the balance at the 
point H will be = = let u be the space through which a 
body falls freely from rest by the acceleration of gravity to 
acquire the velocity of the circumference, at the point H; the 


princi ples of acceleration give this 2 * , — = =; 
NEW TONI Princ. vol. I. prop. xxxix. Let a body | EE 
describe the line AC by the acceleration of a force varying 5 fa TB 
in any ratio of the distances from a centre C. Let ano 
ther body describe the line E H by the acceleration of a | | 
constant or uniform: force. Suppose the velocity at O = | 15 L 
be equal to the velocity at P, and let OG and DF be LK 1 
the evanescent spaces, or increments of space in which 1 F 
equal velocities are generated; so that E D may represent 3 
a line through which a body must fall from rest by the ac- 
celeration of the constant or uniform force, to acquire the - ke Lol 
velocity of the other body at O. It is to be proved that 


| i . - 
the increment of space OG is to the increment of space 8 


D F, as the force of acceleration at D to the force of acce- | 
leration at O. Let the former of these forces, i. e. at D be denoted by G, and the latter 

force at O by H. Let E D g u, and let AO=z. Also let DF A, and OG = z. 
Because the increments of velocity are always as the forces of acceleration and the 
elementary times in which they act jointly, it follows, that when the increments of velo- 
city are equal, the forces are in the inverse ratio of the elementary times in which they 
act; that is (the velocities of describing the evanescent spaces O G, D F being equal by 


the supposition), the forces are in the inverse ratio of those spaces; and consequently 
the force at D (G) is to the force at O (H) as OG to DF; that is, according to the 
preceding notation, G: H:: 4 iᷣ or 4 = = The constant force G being as- ; 
sumed equal to that of gravity, may be denoted by any constant quantity, such as 
unity. By substituting therefore 1 for G, the equation will become i = H x. In this 


9 ; 
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and taking the fluents while z decreases from b to , 
1 = 3 == if therefore | is made = 193 inches, being 
the space which bodies falling freely from rest by the force 


of gravity near the earth's surface describe in one second of 


time, the velocity of the circumference, when the extremity A 
of the index C A has arrived at the — H, will be 


n : E10 b* — *. 
Let t represent the time in which the circumference describes 


the arc BH; then will .= r « pw 
3 x into a circular arc, of which the cosine — to 
radius = 1, which is the time of describing the arc B H ex- 

pressed in parts of a second; when z = o, that is when the 


circumference has described the entire semiarc B O, the circu- 
lar arc of which the cosine = + is a quadrant of a circle to 


b 
radius = = 1. Let 1 2 8 14159, &c. The time t, of describing 
the semiarc BON = #5 * : 


In this expression for the time of a OY RIPE the letter 
a denotes the length of the arc OD (fig. 1.); if this arc Should 
be expressed by a number of degrees c, a will then = 2 =; 


and this quantity being substituted for a, the time of a Semi- 


vibration will bet =, e if instead of F. its value 
81F X 1802? | 

7 1 3 TIE 

we is substituted in the equa tion Tm Vr he 


time * a semivibration will be i=, . 
8 Prix 1800 


Let the given arc c' be go; in this case t 


FW x - 
16Prl 


expression the lines u and x are supposed to increase together; but if u increases while 
x decreases, the signs of the variations 4 and x will be contrary 3 in which case the 


equa tion will become i — Hz. 
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These are expressions for the time of a semivibration, whatever 
may be the figure of the balance, the other conditions remaining 
the same as they have been above stated. If the balance should 
be a cylindrical plate, it is known that the distance of the centre 
of gyration from the axis is to the radius as 1 to V2; where- 


fore in this case g = E and the time ofa semivibration, or t= 
= * 
32 Pl 

0 The balances of watches are usually of such a ow. as to place the centre of 857 
ration nearly at the same distance from the axis, as if the figures were cylindrical 
plates of uniform thickness and density. If it Should be required to obtain from 
theory the time of a balance's vibration precisely exact, it would be necessary to 
calculate rigidly the position of the centre of gyration from the dimensions of each 
part of the balance, and whatever vibrates with it. But in cases merely illustrative of 

the general theorems for ascertaining the times of vibration, it is unnecessary<to enter : 
into prolix and troublesome calculations depending on the form of any particular 
balance; since by assuming it as a cylindrical plate, the time of a vibration will not 
differ materially from that which would be the result of the correct investigation. 
| Being desirous of comparing the time of vibration, as deduced from the theory of 
motion, with the actual vibration of a watch balance, I requested Mr. EaxnsH1aw (the 
excellent performance of whose time-keepers is well known) to make the experiments 
from which the necessary data for this calculation are derived. These experiments were 
made on the balance of a watch constructed by Mr. KEN DAL, on Mr. Harr130n's 
principles, and is the instrument which Captain Cook took out with him during his 
last voyage to the South Seas. The results are underneath : „„ 
Diameter of the balance 5 > „ 
weight of the balance, and parts which e with ow” 42 grains. 
Weight applied to the circumference of the balance, which counterpoisess 
the force of the spiral _ when the balance is wound through an angle 


of 180 - - - — - - 48 grains. 
The weight which 3 the pring 8 force when the balance is 
wound to go degrees from quiescence is - DR” „ grains. 


These determinations give the following substitutions 1 in the expression for the 


time of a semiyibration t =  / Wp'r . 
SR „ 


\ 
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It is observable that the semiarc of vibration BO = b, does 
not enter into these expressions for the time of a semivibration; 
if therefore instead of the semiarc B O, an arc of any other 
length LO, terminating in the point of quiescence O, (fig. 1.) 
Should be substituted i in the preceding r the time 


of describing L 0 would be still = \ / 37 $7 {7 


| B IF * 1 5 
equal to the time of describing the * semiarc BO; con- 


2 sequently, whether the balance vibrates in the largest or 
smallest arcs, the times of vibration will be the same. 


From the preceding investigations it appears, that when 
the force by which the circumference of the balance is acce- 


lerated at the given angular distance c from the quiescent 


| position is = F, the time of a semivibration t = =; £7 iO 


8$/FxX 1809 


and conversely, when the time of a cnividention | is t, the 


force which accelerates the circumference at the given angu- 
# re 


lar distance c from the quiescent position, that i is 1 — 


8 1f* 8 
Since watches and ti ime-keepers are usuall y ad husted to 


Namely, W = 42 gr. = - the weight of the 1 Incloding | the parts which nibrate 
with it. 

P — 24 gr. = the force at the circumference of the balance, which counter- - 

poises the force of the spring when wound to the distance go?. . 

1 1. 125 inch. and parts = the radius of the balance. 

12 193 inches = the space described in one second of time by bodies which . 

descend freely from rest by the acceleration of gravity. 

þ= 314159, &c. = the circumference of a circle of which the diameter = — 


. 


———— pts. of a second. 
the time of a semivibration f = \ / BXIILD R-13% — 0.0994 


32 X 24 X 193 
The balance, when adjusted to mean time, makes 5 vibrations i in a 


second; the actual time of a zemivibration i is therefore DI” — 


Difference between the actual time and the time by the calculation | 0.0006 
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mean time when the balance makes 5 vibrations in a second, 
the time of a semivibration will in this case = s part of a se- 
cond : the substitution of 28 for t being made in the preced- 
ing equation, the force which accelerates the circumference of 

the balance, when at any given angular distance © from the 
quiescent position, will be determined for all time-keepers ad- 
justed to mean time, in which the balances make 3; vibrations 
in a second. Suppose the given angle c cr go; then making 
ce go, p = 3.14159, &c. |= 19g, t= s, the accelerative 
force at the angular distance from quiescence go or F = 
8 — = = 7 x 1.00408926. We have therefore arrived at 

the following conclusion : if the radius of the balance is equal 

to 1 inch, and the time-keeper is adjusted to mean time when 

the balance makes 5 vibrations in a second, the force which 
accelerates the circumference of the balance at the distance of 
90 from the quiescent position, is == 1. 00408926, the accele- 
rative force of gravity being = 1. And if the radius of the 
balance is greater or less than 1 inch, the force by which the 


circumference is accelerated at the distance of go* from quies- 


cence, will be greater or less than Þ mpg in proportion 
to the radii. 

According to the principles MEER in the preceding solu- 
tion, the spring's elastic force is supposed to vary in the pro- 
portion of the angular distances from the quiescent position, 


and on this condition, the vibrations are shewn to be isochro- 


nous, whether they are performed in longer or shorter ares; 
but if the spring's elastic force at different distances from 

quiescence should not be precisely in the ratio here assumed, 
the longer and shorter arcs may be described in times differing 


in any proportions of inequality. If, for instance, the spring 1 
MDCCXCIV. 8 
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force, instead of varying in the ratio of the aforesaid distances, 
should vary in the 222; power, or 1888 power of the distances, 
it does not appear from the preceding solution what alteration 
in the daily rate would be caused by this change in the law of the 
force's variation, when the semiarc of vibration is increased or 
diminished by a given arc. To ascertain this point fully, other 
researches will be necessary, by which it may be known, what 
alteration of the daily rate of a time-keeper is occasioned by a 
given increase or diminution of the arc of vibration, when the 
spring's elastic force varies in a ratio of the distances from the 


- quiescent position, the general index or exponent of 1 = 
any number or fraction n. 


The force which accelerates the balance . assumed in 
that power of the distances the exponent of which is n, let 
BO D (fig. g.) be the semiarc of vibration when the time- 
keeper is adjusted to mean time; let DO = a; the accelerat- 5 
ing force on the circumference at the distance from quiescence : 
ODF; suppose the circumference to have described the 
are BH from the extremity of the arc B; and let HO: 
then the force by which the circumference is accelerated 
when at the angular distance from the quiescent position 
OH = LEE let u be the Space through which a body falls 


| freely Ae rest by the acceleration of gravity, to acquire the 
velocity of the _ when It has described the arc 


BH ; the principles of acceleration give this equation: 


= taking the fluents while z decreases from b to x, 


u == __— and | being 193 inches, the velocity ac- 


quired by the circumference after 1 BH, will be 


8 4 
> > 48 
£4 4 4 * 
l F = 7 9 
* 3 * 5 
9 pe 7 = 
7% 
0 —"_ 
* A 
* 1 
= 


c to o. . the fluents of the fluxions A 
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„ 511517 2611 r 
n+1X 4a 


let T be the time of describing the arc BH; wherefore 
1 x. 2 — . 


The time of describing the arc BH will be the fluent of this 
fluxion, while z decreases from öh to x, and the time of de- 


scribing the semiarc B O will be the entire fluent of 


/ * ST 
* * =_ 


Now let the balance commence its vibration from any other 


5 , while z decreases from b to 0. 


point I, (fig. g.) and let IO e; suppose the circumference to 
have described the arc I K, and make OK =y; let t be the 
time of describing the arc IK; then by proceeding i in the same 


manner as in the former case, it is found that f wa} 1 1 Ne 


9 5 0 415 
= po = : and the time of describing the Semiarc IO, E 


| will be the entire fluent of this fluxion, while y decreases from 


_ X 


rr 


and 


25. : cannot be expressed in general terms, yet the | 


, 
exact proportion of the said fluents may be assigned, which 
will be the proportion of the times in which the balance vi- 
brates in the two emiarcs BO, 10; the multiplying quantity 


A dein common * boch fluxions; and since the 


entire fluent * of VF} — = 7 = is to the entire fluent of 


+ e 1 
r HE VERT 


; 7-27 2 
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_ — ten 


; MF 7 is to 7”, ans ü e 
semivibration in the are BO is to the time of a semivibration 


rol i= 
in the arc I O, as 5 to c 7 or as 1 to So} 2 - 


Suppose awatch to be adjusted to mean time when the semiarc 
of the balance's vibration is = B O (fig. g.) and let this semiarc 
be afterwards diminished to I 0; the time shewn by the watch 
in any given portion of mean time t, when the Semiarc of vi- 


bration is I O, will if and if tis put = 24), 
the alteration of the daily rate, in consequence of the dimi- | 


AVE FE Viet 


12 


To find the proportion of the entire fluent of , /* 


— to the entire n | 


2 . 3280 Ty 
=+ 


ER. Sm 
r =ias will be equal to that of 


= to 1, or of b to; E 


PUR RE will be in the same proportion, provided 3 


bn x 3 : 7 RR ANTS 
F ˙ w ˙itw Is 


3 5 ERA 
: or as e 
== 05 C3. 


„ 


2 watch to be regulated 


15 the distances from quiescence, the rate will be retarded, 12 in that case . 
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nution of the semiarc of vibration from BO to IO, will be 


To ak this vropceition, Jet a case be on; suppose 
ta mean time when the semiarc 
of vibration is 1355 and let this semiarc be diminished 8, 
80 as to become 127 let the ratio of the N elastic 


* From this general expression it appears, that when 1 = 1, that is when the 
spring's elastic force varies in the precise ratio of the angular distances of the balance 


from the quiescent pocition, the alteration of the daily rate in consequence of a dimi- 


U 
nution of the arc of vibration is Ses because in that ene 178 Di, and 


To | "—=1=0. When u is less than 1, or when the force varies in a less ratio- 


z than that of the distances from quiescence, the rate will be accelerated, because in that 


OM—— 5 — 
case 70 will by greater Sap 1; and —- oy 1, will be a pocitive quan- 


| tity: but when n is greater than 1, or when the force varies ina ratio greater than that of 


3 
30 — 
10 


22 | 


will be less than 1, and 22K '— x becomes negative. The conveie of ths pro- 


"7 "ru 


55 positions is likewise derived from the general theorem. 


Whenever therefore it is found, by observing the rate of : a time- keeper, that a di- 
minution of the arc of the balance's vibration causes an acceleration of the daily rate, 
it is necessary to conclude, that the elastic force of the spring in this case varies in a 
ratio less than that of the distances from the quiescent position. In like manner, when 


a diminution of the arc of vibration causes a retardation of the rate, it is certain that the 


spring's elastic force varies in a higher ratio than that of the distances from quiescence. 
It appears, indeed, from some experiments, that the weights which counterpoise a spiral 


spring's elastic force, when wound to different distances from the quiescent position, 
are in the ratio of those distances; but it is shewn from this proposition, and the an- 


nexed table, that the differences between the weights, by which the ratio of the dis- 
tances, and a ratio a little less is indicated, although far too small to be discoverable 
by experiment, are yet sufficient to create a material alteration of the daily rate. 
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force deviate from that of the distances from the quiescent 
position by a small difference of 1888 part, so that the spring's 
force shall be in the 222; power of the distances, instead of 
in the entire ratio of the said distances from the quiescent 
position. The alteration in the daily rate of the watch will 
be obtained from the preceding theorem by making the 
following substitutions. BO 135 10 2 n 


IF. 
1588 


the alteration of the an rate = 94) „A — 1 
nd 

+ 2”, 62. PA Oy 

It here appears, that a very minute aheraticn | in the law of g 


the force's variation, amounting to no more than 285 part of 
the entire ratio of the distances, causes an acceleration in the 


| daily rate of more than 23%, when the diminution of the se- 


miarc of vibration is &. It may therefore be of some use to 
inquire, what are the differences of the weights to be ob- 
served in experiments from which the law of the spring's 
elastic force is derived; first, supposing that law to be the 
precise ratio of the distances from the quiescent position; and 
secondly, supposing the law of the force to deviate from that 
ratio by a small difference of 7g so as to become the 222. 
power of the distances from the quiescent position; from the 
result a judgment may be formed how far experiments may 
be relied on for ascertaining the precise law according to 
which the elastic force of a spring varies. 
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| Values of Yun 1 


Angular distances from the Weights P, bs in 
quiescent position when the grains, which counterpoise 
Spring'selasticforceiscoun-| the spring's elastic force the 

. terpoised by the weights in| when wound to the several] when wound to the Ds 

the second and third co- distances fromthequiescent| distances from quiescence 

lumns. (Fig. 2). position in the first column, in the first column, if the 

if the force varies in the force varies in the 998, 

| precise ratio of the angular| power of the distances from 

distances from the quiescent the quirecant point. 

3 KIT | DES 09 ORE 

1.002 199 

ES: . . © 

3 009298 
4003245 
5 5.002940 

6.002433 

T 

| 8.00094,2 

9. oo 

The Sno of weights expremed i in the second and third 

columns of this table are evidently too small to admit of be- 

ing observed experimental y, and. yet their effect on the daily 
rate of a time-keeper amounts to a quantity far from insensible. 

This effect on the rate might probably be augmented to twenty 

or thirty seconds daily, and yet the corresponding differences of 
weights arising from the deviation of the spring's force from the 
law of isochronism might be too minute to become sensible by 

any statical counterpoise of the spring s forces; and it would 


It may be here observed, that the differences of the weights in the second and 
third columns of the table, first increase and afterwards decrease ; their difference i is 


the — — che quantity gx Lg: 2 is a maximum; or when 


O oO O O = 


1000 


2 900 x — that is when x = 33e „ 


6 m —— — FB. AMI eee 
* n 8 * L 3 * 4 * : be 4 3 | ey l =? Ws * = - * f 1 


observed by the spring's forces. Experiments of this kind 
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be still less possible to measure the said differences of weights 
with the exactness required for the determination of the la- 


should not therefore be absolutely relied on for ascertaining 
practically the isochronal property of spiral springs, although 


this property must be allowed to exist in theory, whenever the 


forces of elasticity at the several angular distances from the qui- 


escent position are in the precise ratio of those distances. The 


isochronal law of variation, here mentioned, may be conveni- 


ently assumed in theoretical investigations, and proper gyrrec- 
tions or equations, when necessary, may be applied to compen- 


sate for the deviation from this law, which may subsist in any N 


particular spiral spring, whenever | it can be satisfactorily ascer- 
tained, or reduced within known limits, by such mode of infe- 


rence as the nature of the case may admit of. This assumption 


will appear the less exceptionable from considering, that the 
elastic forces of spiral springs which are not isochronal deviate 


from the law of variation in question, in some cases by exceed- 


ing, and in others, by falling short of it; and no other law is 


suggested either by theory or experiment, which more gene- 
rally corresponds with the action of balance springs. 

The vibration of a balance impelled by a single spiral spring 
only, has been the subject of the preceding investigations; 
but cases occur in which two or more springs are employed 


in giving vibratory motion to the balances of watches. Not 
to mention preceding instances, Mr. Mupek, an eminent 


watch-maker of the present times, has invented a method of 


combining the action of spiral springs, to impel the balance in 


each semiarc of vibration, on a principle not more remarkable 
for the novelty than it is for the ingenuity of the contrivance. 


The consideration of this additional case will therefore not be 
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thought foreign to the present subject, especially as it may 
| contribute to elucidate some circumstances respecting the ef- 
fect of springs on the vibrations of balances, which at the first 
view are not at all obvious. 
Let two spiral springs be * to act on a watch balance 
in the same direction; if the two springs in unwinding them- 
selves, by turning the balance come to the same point of qui- 
escence, or, in other words, if the accelerative forces of both 
Springs cease at the middle point of the vibration, whatever be 
the relative strength of the two springs, they will act on the 
balance precisely in the same manner as if one spring only had 
been applied, of equal strength with both (the springs being 
here supposed similar, in respect of the law of the elastic for- 


ces and tensions). But when the points of quiescence of the 


two springs do not coincide, that is, when one spring continues 
to accelerate the balance in its vibration, after the acceleration 
of the other spring has ceased, the time of a semivibration 
must be obtained from a separate investigation. 
Let the circumference of a balance (fig. 4.) be pulled 
by the action of a spiral spring through the semiarc of vibra- 
tion BO, the forces of this spring being always in propor- 
tion to the angular distances from the point of quiescence O; 
let a secondary or auxiliary spring also act on the balance 
from the extremity of the semiarc B as far as the point Q. at 
which point all acceleration of the auxiliary spring ceases, 
the forces of the auxiliary spring varying as the angular dis- 


tances from the point of quiescence Q. Suppose that the ac- 


celerative force of the principal or balance spring on the cir- 

cumference of the balance at the distance from quiescence 

OD is , take Q4= OD, and let the accelerative force of 

the balance spring on the circumference of the balance be to 

that of the auxiliary spring, when both springs are wound to 
MDCCXCIV, # 


| from quiescence Q H will be = = — 


er = e 
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the same angle OCD NC d, in the proportion of 1 to n; 


then the accelerative force of the auxiliary spring at the an- 


gular distance from quiescence Q d will =nf; let BO=b, 


 BQ=c,QO0=d=b—c; also let OD or Qd = a. 
Suppose the balance to have described the arc B H by the 


Joint action of both the springs, and let the arc B H be repre- 
Sented by x. Then, because the accelerative force of the prin- 


cipal or balance spring at the angular distance from quiescence 
OD Sa is. the accelerative force of the same spring at the 


— X — 1 and since the force of the auxiliary | 


distance O Hi is == = 


spring at the angular distance from quiescence Q d=aisnf, : 
the accelerative force of this spring at the angular distance 


9 


; wherefore the joint 


force of both springs to bekenne the circumference when at 


the distance OH from the point of quiescence O, that i is, wag 
the balance has described the arc B H, will It. = 


8 + 7A. Letu be the space through which a wad falls 
freely from rest by the acceleration of gravity, to acquire the 


velocity of the circumference when it has described the arc 
BH; this will give the following equation: : 


eee, and 


Lb Pac and 111 193 inches, 


the velocity of the circumference when the arc BH has 


dan deceived. is =. 2 N= an —nr 


Let t represent the time in which the balance describes the arc 
BH; > then f= 4 5 7 * 2 and the fluent 


| Vb - TZ r 
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2 to radius = 1; which is the time of describing 


2b + 2 nc 


the arc B H. When & = c, the time of describing the arc 


x into a circular arc of which the sine = 


+1 


The time of describing the remaining part of the semiarc 
Q O, (fig. 4.) is next to be determined. In the cases to which 
this investigation is applied, the auxiliary spring ceases en- 
tirely to act on the balance after it has described the arc B Q. 
This being stated, while the balance describes the remaining 
arc of the semivibration Q O, it will be impelled by the ba- 
lance spring only. To ascertain the time of describing the 
arc QO, it is first to be observed, that when the circumfe- 
rence has described the arc BY, it will have acquired a velo- 
city equal to that of a body which has fallen from rest by ms 


acceleration of gravity through a space = 2 — X 2 50 _ "+7 7 4 


Suppose the balance to have proceeded 4 the arc R, L 
(fig. 4. ) and let OR= r; the force by which the circumfe- 
rence is accelerated at R 2 ; and if u is the space through 

which a body falls freely from rest by the acceleration of gra- 
vity to acquire the velocity of the circumference i in the point 


R. 2 ===; taking the fluents so that u may become = 


2e TA when z == d. u=Lxadc—=© + nc | 


Fr = ; or berance 4 b. —2bc+c; - u= Func 


When the circumference has described the arc BH = x, it will have acquired a 
velocity equal to that of a body which has fallen freely from rest by the acceleration of 


gravity through a space = 2— „ TDT AH | 2cnz— , as appears from the in- 
vestigation in page 138; and when æ =c, this Space becomes = 2 x 2bt — 601 + 


1 


722 — 58 = Xx 2bc— > + nc. 


T 2 
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V; 2 the circumference at R (fig 4) = 
== Tre e 


QR; then f V. 2 *r 182 . 77 * into 


a circular arc of which the cosine is 


to radius 31, 


Vr 
which should = o when 4 = d; wherefore t or the time of 


describing QR= + D x into a circular arc of which the 
| . . =. FUR | 
cane is nee — V7? 

VE" . and when x o, that ! is when the entire 


into a circular arc of which the 


cosine is 


arc Q has been described, the time : = 


cular arc of which the sine is gulp. 


* + n c* 
The result of this investigation is, that the time in which 


the balance describes the semiarc B O, by the joint action of 


both springs through the arc BQ, and by the action of the 
ens Spring only through the arc QO, 


= . | 2 4 | pr b a4 


x an arc, of which the sine is I/ cxa+1 
. N 2b 122 


4 | 


+ V 5 Fan arc, of which the sine is An 
(to radius = 1 eabresed in parts ol a Second. . 


7 —= x into a cir- 


* When n= o, this expression | becomes VS X twice an arc, 2 Hick = Sine 


5 1 + an arc, of which the sine is — : TOI, SHE d, the two 1 
4 wil be exactly = go? = — — ; and the time of a semivibration = 1 —" X = 


= n agreeing with the es in page 126. Suppose d o; since in this 


"7 


case h = c, the time of a mividration becomes — X an arc, of which the 
| [f Xn+1 


zine is * —— which are is 45, or wherefore the time of a semivibration in 


8 — 


this case = VI == Which is $ the true value, according to the solution in Page 
er 9+ 1 | 


126, See also page 146. 
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This solution is confined to that case i in which the point of 
quiescence Q (fig. 3.) of the auxiliary spring is situated in the 
first semiarc of the vibration, that is, between B and O. Ano- 
ther case still remains to be considered, which is, when the point 
of quiescence Q of the auxiliary spring deviates from O by the 
given angular distance O Q. but is situated in the latter semi- 
| arc of the vibration he 5.), between O and E, instead of be- 

' tween O and B, as in the former solution. According to this 

condition, making BQ c, BO = b, and the other notation 

remaining as before, it appears from an investigation no ways 
differing from the preceding, that the time in which hs ba- 
lance describes the semiarc BO will be 


; 3 3 X into a circular arc, of which the sine is 
Lg Ifxu+l 


bxn+1 
IEEE exprexed } in parts of a second. 


This result expresses the time in which the balance de- 
scribes the semiarc B O, (fig. 5.) by the accelerative force of 
two springs, namely, the balance spring, of which the point 
of quiescence is O, and an auxiliary spring, of which the 
point of quiescence is Q. On considering this case more fully, 
when applied to the actual vibrations of a balance, it will ap- 
pear evident, that the action of a third spring on the balance 
while it is describing the semiarc BO, must be taken into the 
calculation, in addition to the two springs already mentioned, 
in order to obtain a solution entirely correspondent with the 
circumstances of the case, when the points of quiescence of the 
auxiliary springs are situated in the latter semiarcs of the vi- 
brations. 
To state this more clearly, it is to be — that when 
the points of quiescence of the balance and auxiliary Springs 
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are coincident ; the auxiliary spring commencing its action 
from the extremity B of the arc BO, (fig. 6.) continues to 
accelerate the balance till it arrives at the quiescent posi- 
tion O, at which point the action of the auxiliary spring en- 
tirely ceases; on this account it is plain that another auxi- 
liary spring, equal and similar to the former, having also the 
point of quiescence coincident with O, must be applied to act 
by retardation on the balance while it describes the arc O E, 
in order that the times of describing the arcs BO and OE, as 
well as these arcs themselves, may be equal. According, there- 
fore; to this disposition of the auxiliary springs, the balance 
will describe each semiarc of its vibrations precisely in the 
same manner as if it was impelled by one spiral spring only, 
the strength of which is equal to that of the balance and 
either auxiliary spring, when wound to the same tension. 
- Suppose the balance to vibrate from B to E, and, for the sake 
of distinction, let the auxiliary spring which accelerates the 
balance from the extremity of the arc B, in the direction 
B O, be called u; and let the other auxiliary * spring which 
retards the balance in the semiarc OE be denoted by v; con- 
Sequently, when the balance vibrates in the contrary direc- 
tion from E to B, the auxiliary spring v will accelerate the ba- 
lance from E to O, and the other auxiliary spring u will retard 
it from O to B. In respect, therefore, to the spring u, BO is 
the first semiarc, and O E is the latter semiarc of vibration; 
and on a similar principle in respect to the spring v, EO is 
the first semiarc, and OB is the latter semiarc of vibration. 


* The circular arcs which are drawn interior to the circumference of the balance in 
the figures 4, 5, and 6, are intended to represent those portions of the balance's vibra- 
tion in which the auxiliary springs respectively act. 
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In the preceding pages, the time has been investigated in 
which a balance vibrates in the semiare B O, (fig. 4.) when 
the point of quiescence Q, of the auxiliary spring u, is si- 
tuated between B and O, that is in the first semiarc of vibra- 
tion. In this case, in order that the time of describing the 
latter semiarc O E, by retardation, may be equal to that of 
describing the first semiarc BO by accelerated motion, the 
quiescent point of the auxiliary spring v must be placed at N, 

between O and E, so that EN may be equal to BQ; accord- 
ing to this disposition of the auxiliary springs, the point of 
quiescence Qof the auxiliary spring u will be situated in the 

first semiarc of vibration, considering the balance as vibrating 
from B to E; and the point of the-quiescence N of the auxiliary 
spring v, will be in the first semiarc of vibration, considering 
the balance as vibrating from E to * "= 
The third case which remains to be more fully investigated 
is, when the points of quiescence of the auxiliary Springs are 
Situated in the latter semiarcs of the respective vibrations; 
that is, when the quiescent point Q of the auxiliary Spring u 
is situated in the latter arc OE, (fig. 5.) while the balance 
vibrates from B to E, and the point of quiescence N of the 
auxiliary spring v is situated in the latter arc OB, while the 
balance vibrates from E to B. In this case it is evident, that 
while the balance vibrates from B to O, it describes the arc 
BN by the acceleration of two springs; ; namely, the balance 
spring, of which the point of quiescence is O, and the auxi- 
liary spring u, of which the point of quiescence is Q. And 
the balance describes the arc NO by the combined action of 
three springs; namely, by that of the balance spring, of which 
the point of quiescence is O, that of the auxiliary spring u, of 
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which the point of quiescence is Q, both of which accelerate 
the balance, and that of the auxiliary spring v, of which the 
point of quiescence is N, acting by retarding the balance. 
The time in which the balance describes the semiarc B O, 
by the combined action of these three springs, will be obtained ; 
by the following investigation. 
A the former notation, let DO (fig. 5. Jon =a=Qd 
= Ne, BO == b, BY=c, OQ = ON =d=c— 6b. The accele- 
rative force of the balance spring on the circumference of the 
balance at the tension OD = f; the accelerative force of the 
auxiliary springs at the same tension Q d or Ne =nf. From 
page 1g8 and 139, it appears that the time in which the balance 
describes the arc BN we the — action of the balance spring 


and auxiliary bring 1 8 = I a circular arc of which ; 
$ 0 | . the sine =  *= = = = If ; and the velocity acquired by the 
8 a at N is * to that of a body which has fallen 


: freely from rest by the acceleration of gravity through a space . 


Z Pu nd + andd. To find the time of 
describing the arc NO, suppose the balance to have proceeded 
in its vibration from N to * (fig. 5.) and make NR=z. 


. In the 8 138, it is shewn, that OED the balance has described the 
arc BH &, the pace through which a body must fall freely from rest to acquire the 


velocity of the circumference at the point H. or . , 


the expression being the same, whether the point Qi on one side of O or on the 
other, provided BQ = c. In the present case, c = b + d, and when the circumference 
has described the arc BN, x -d; wherefore ifb+d is substituted for c, and 


— for x in the equation, u L. x VT the result will 
eee een 


— IO —— —ꝗ—ů — 
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The accelerative force of the balance spring 7 the cir- 


cumference of the talence at ths jolt K is + 4 T=X 
The accelerative force of the auxiliary spring 
u, at the tension or distance from quiescence 
Qd = a being nf, the force of the same 
spring at che tension or distance QR=2d—z, 
C 3 3 +Yx2d—rz 


The force of the auxiliary spring v, at the 

tension Nea being n f, at the tension N R, 

the force of this Spring acting by retardation 

will be ö ðĩðæ1vb ot gt —Y xa. 
Sum of the forces acting © on the n 

rence of the balance, when it has described the 


arc. NR= — 9 CA dn. 
Let u be the space 3 which a body falls freely from 


rest by the acceleration of gravity, to acquire the velocity of 
the circumference at R; the principles of acceleration give this 


equation; LRT AAN 2 du - z T; and tak- 


ny the fluents SO that when * — o, u may wait X 


f= Taba 22 4 xÞ— a5 


32 ＋ ＋ eee, if 2 is put - 
to represent the time ol describing the arc N R, 7 =\ PE 


* 


„ ——— —ꝗü—ä—— ——— * 
WW ECONO. IE 


taking the fluents so that when xz = 0, f, and making x d, 


2K 
- 


the time of describing the arc NO is 72 
| | | | 2 X 1 2 N 


— * a circular 


„* 


3 p iO x2 
arc of which the sine V — 
| . * TA N F — 21 
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ming ; 
X « «circular arc of which the 


b + d=6 t= 2 Fr 
1 1 7 * 1 + 2 1 

2 IATA 

The result is, that when the points of quiescence of the 

: auxiliary Springs are situated in the latter semiarcs of the re- 

spective vibrations, the time in which the balance describes the 


Semiarc BO * = A | x a circular arc of which 
Toner” 

the sine is EE + X a circular are 

2 8 4 Dr e 

of which the eine is V. —— 


PU ; 5 
The balance of Ws Mupcr' 8 time-keeper A n the se- 
miar BO, by the joint action of two springs, i. e. the balance“? 
dcpring, and an auxiliary spring; each spring is wound through 
the same are B O, and comes to the same point of quiescence 
O (fig. 6.) ; consequently the action of the two springs is the 
same with that of a single spring of equal strength with both. 
In this case, the time of a semivibration through the arc B O, 
will be obtained from a former solution; for referring to page 
126, and making O D = a, and the force of the balance spring 
and auxiliary spring at the distance from quiescence OD, = 
7 ” _ n ou F; the time of a semivibration! is 
= PRC, „ 42 
7.-* e I 5 
But if the points of quiescence of the balance and auxiliary 
springs instead of coinciding, according to the principle of Mr. 
Muper's construction, should deviate from this adjustment 
by a small arc O = ON (fig. 4 and 5.) ; to what extent the 


* A double spiral spring is applied in the balance of Mr. Mupcz's time-keeper. 
but as these two springs act as one spring, they are here considered as such. | 


tion in the position of the quiescent points, remains unknown, 
unless it be investigated by assuming the deviation of the points 
of quiescence, as one of the conditions on which the time of vi- 
bration depends. This condition is included in the preceding 
investigations, which may be now applied to the solution of 


some cases, which are suggested by considering the construc- 


tion of Mr. Mupce's time-keeper. 


Any minute or particular description of this ingenious i in- 
vention would be foreign to the subject of theoretic investiga- 


tion; an outline only of the construction on which the action 
of the several springs depends will be necessary, to render the 


application of the preceding theorems sufficiently intelligible. 


ONEBQ (Tab. XV. fig. 8.) is the circumference of the ba- 
lance, vibrating by the action of a spiral spring on an axis CA 
DH, passing through the centre C; the axis is discontinued 


from A to D to make room for the other parts of the work. CA 


and DH are connected by means of a branch or crank AX 
Y D, which is fixed to the axis C A DA, and always vibrates 


with the balance on the said axis.“ 
IM, z W, are two rods affixed to the aww at the points L 
TT * Z parallel to X Y ; which rods also vibrate with the balance. 


d, e, 7. g. 7, s, are fi xed parts of the machine. E. R i is an axis By 
in 8 same right line with C A DH carrying an arm G O at 
right angles to it (or nearly so), and a small auxiliary spring 

3 which is wound up whenever the arm G O is turned round 


* The additional weight affixed to the balance at f commernalens the . of the 
crank or branch AX V D, SO as to bring the centre of gravity of the whole into the 


axis of motion, 


+ In the machine G O and I © are not exactly at right _ to T Rand FS; but 


are so represented in the figure, in order to make the — positions of the arms 
G O and I O the more distinct. 


Us 
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daily rate of the time-keeper may be affected by this altera- 
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the axis T R in the direction of the arc Ob; þ is a curved 
pallet fixed to the axis T R, which receives the tooth of the 
balance wheel near the axis; the tooth proceeding along the 
curved surface by the force of the main spring, turns the axis 
and the annexed arm G O in the direction of the arc Oh, and 
at the same time winds up the auxiliary spring u. A small 
projection at the extremity of the curved surface of the pallet 


p prevents further progress of the tooth, when the arm O G has 
been turned through an arc Oh of about 27 consequently 


the spring u has then been wound through the same arc or angle 


OGb S2. | 
FSis iether axis in the same right line with C ADH, 


exactly similar to that which has been described. This 
axis F S carries with it the arm 10; the auxiliary spring v is 
annexed to this axis, and is wound up when the axis is turned 
in the direction of the arc Oh. is a pallet similar to the 
former pallet 2 and is placed $0 as to receive the tooth of the 
balance wheel, which by its action on the pallet winds up the 
spring v, and carries the arm OI through an angle O IR, = 


27", further motion being prevented by a small projection at the 


extremity of the pallet q, similar to that which has been already 


mentioned. Im represents the balance wheel, the upper tooth of 
which acts on the pallet p, and the lower tooth on the pallet q, 


alternately winding up the auxiliary springs u and v, in the 
manner described in the subsequent page : the axis of the 
balance wheel u o is parallel to the line C O or GO. 


The Several arcs expressed on the circumference of the ba- 


lance, i. e. O Q-. Oh, ON, O E, are equal to the respective arcs 


denoted by the same letters in the circumference of the circles 
— by the extremities of the arms G O and 10. 


* Vide infra the note in page 150. 


\ 
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| Suppose that when the balance is quiescent, the main spring 
being unwound, the branch or crank AX YD is in the posi- 

tion represented in fig. 8, AX being parallel to C O; if the 
quiescent points of the auxiliary springs coincide with that of 
the balance spring, the arm G O will just touch the rod LM; 


and in like manner the arm I O will just touch the rod WZ; 


the two arms G O and I O, in this position, are parallel to the 
line CO. This position of the balance and auxiliary springs 
remains as long as the main spring of the machine continues 
unwound; but whenever the action of the main spring sets the 
balance wheel in motion, a tooth thereof meeting with one or 
other of the pallets p or , will wind up one of the auxiliary 
springs; suppose it should be the auxiliary spring u: the arm 
G O being carried into the position G b, by the force of the 
balance wheel acting on the pallet p, remains in that position 
as long as the tooth of the balance wheel continues locked by 
the projection at the extremity of the pallet p: and the balance 
itself not being at all affected by the motion of the arm G O, 


nor by the winding up of the spring u, remains in its quiescent 


position; consequently no vibration can take place except by 
the assistance of some external force to set the machine in mo- 
tion. Suppose an impulse to be given to the balance sufficient 
to carry it through the semiarc OB, which is about“ 1355 ac- 
_ cording to Mr. MupGe's construction. | 
The balance during this motion carries with it the crank 
AX Y D, and the affixed rods L M. Z W. When the balance 
has described an angle of about“ 27 = to the angle OC 
or O Gb, the rod LM meets with the arm G b, and by 
turning the axis T R, and the pallet p, in the direction of the 
arc O B, releases the tooth of the balance wheel from the pro- 


* Vide infra the note in page 150. 
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jection at the extremity of the pallet p; the balance wheel im- 
mediately revolves, and the lower tooth meeting with the 
pallet q winds up the auxiliary spring v, and carries the arm 

I O with a circular motion through the angle OI about 27* ; 
in which position the arm I O remains as long as the tooth 
of the balance wheel is locked by the pallet 9. While the 
spring v is winding up through the arc O &, the balance de- 
scribes the remaining part of the semiarc h B, and during this 
motion the rod L M carries round the arm G bh, causing it to 
describe an angle h CB, or b G B*, which is measured by the 
arc h B +108*: when the balance has arrived at the extre- 
mity of the semiarc OB= 135, the auxiliary spring u will 
have been wound up through the same angle = 1355 i.e. 27, 
by the force of the main spring acting on the pallet p, and 108˙ 
by the balance itself carrying along with it the arm GO or 
G b, while it describes the arc þB. The balance therefore 
returns through the arc B O by the; joint action of the balance 
spring, and the auxiliary spring u; the acceleration of both 
springs ceasing the instant the balance arrives at the quiescent 
point O; when the balance has proceeded in its vibration about 
27 beyond the point O to the position CE, the rod Z W meets 
with the arm I k, and by carrying it forward releases the tooth 


» Fbe angle 5 G B is not expressed in the figure for want of room, but is easily 
imagined, being precisely equal to the angle 5 C B represented on the balance. N 
+ This magnitude of the arc 5 B has been inferred from the following circum- 
stances communicated by Mr. Mu ocz. ist. The whole arc of vibration is about 3 of 
« a circle, or 2700, consequently the semiarc of vibration is 135% adly. The ac- 
« tion of the balance by carrying round the arm OG from þ to B winds up the auxi- 
« liary sp ring through an angle about four times greater than the angle OC h through 
« which it is wound up by the action of the balance wheel on the pallet.” Where- 
fore if OB, or 135, is divided into five parts, one of them will be O b = 279, and the 
oth er four parts, or þB = 1089. NINE, RT : 
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of the balance wheel from the pallet q; the balance wheel accord- 
ingly revolves, and the upper tooth meeting with the pallet p, 
winds up the auxiliary spring u as before. The balance with 


the crank proceeding to describe the remaining semiarc E, 


_ winds up the spring v through the further angle ł CE = 108˙ẽ; 
the balance returns through the semiarc E O, by the joint action 
ol the balance spring and the auxiliary spring v, both of which 
ceease to accelerate the balance the instant it has arrived at O. 
It is remarkable, according to this construction, that no force 
or impulse whatever is communicated to the balance from the 
main spring, and yet the vibrations are continued of their due 
length: on further consideration it appears that the maintain- 
ing power of the machine, instead of communicating any force 
or impulse, acts by removing a part of the force which retards the 
balance while it is describing the latter semiarc of each vibration. 
In the preceding account it has been shewn, that the balance 
describes the semiarc from B to O by the joint action of the two 
springs; now for a moment let it be supposed that the balance 
vibrated through the entire arc BOE (fig. 7 and 8.) by the joint 
action of the two springs, in the same manner as if one balance 
spring only was applied of the same strength with both; in 
this case, the balance commencing its vibration at the extre- 
mity of the arc B, after having passed the semiaro B O with an 
accelerated motion, would describe an equal arc OE on the 
other side of O, by retarded motion, provided it was not ob- 
structed by friction or other irregular resistances; but such 
resistances taking place will cause the latter semiarc, which is 
described by retarded motion, to fall short of the arc O E by 
some small difference ES. There are two modes by which 
this latter semiarc may be restored to its due length OE ; 
either by communicating an impulse to the balance from the 
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main spring, or by removing a part of the force which retards 
the ascent of the balance while it describes the latter semiarc 
OE. Mr. Mops has discovered and applied to his time- 
keeper the latter mode of supplying the power which is required 
to continue the balance in motion. During the progress of 

the balance through the semiarc B O, it is accelerated by the 


joint action of the balance spring and auxiliary spring u; but 


while it describes the latter semiarc OE (fig. 7 and 8.), it is 
retarded by the joint actions of the balance spring and auxiliary 
spring, only while it describes a part of the semiarc from E to 
E, the retardation of the auxiliary spring being removed while 
it describes the first 27 of this semiarc from O to þ. 
It is evident, according to Mr. Mupce's construction, that 
tte diminution of retardation, which is equivalent to the supply 
of power to the balance, must always be of the same 8 5 
tude, so far as regards the influence of the main spring, pro- 
vided it has sufficient force to wind up the auxiliary springs 
through the constant angle OGh=OC & (fig. 8.); and the 
effects of heat and cold on the auxiliary springs are necessarily 
included in the compensation which is applied for heat and 
cold to the balance spring. The maintaining power therefore, 


buy which the motion of the balance is continued, must be al- 


ways uniformly the same; this is an object usually held to be of 

material consequence in the construction of watches, and though 

often attempted by ingenious persons, has probably been ac- 
complished in its full extent for the first time by Mr. Mupe. 
This construction possesses the further advantage of having 
the balance perfectly detached from the wheel work of the ma- 
chine; the only communication“ between the balance and the 


* The exact times in which the balance describes any portions of the arc of vibra 
tion may be readily obtained by having recourse to che theorem investigated in page 


. from the pallet. By the theorem referred to 
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balance wheel is that which subsists while the pallet is disen- 
gaged from the tooth ; an instant of time in a practical sense 
almost evanescent : it should also be remarked, that the pres- 
sure of the tooth against the projection of the pallet is dimi- 
nished before the tooth is released, by the counteraction of the 
other pallet on the opposite tooth of the balance wheel; which 
action takes place just before the tooth of the balance wheel 
first mentioned is released from the pallet: by this diminution 
of pressure, the tooth is the more easily detached from the pro- 
jection of the pallet. These circumstances concur in giving to 
the machine facility and lightness of motion. 

The preceding investigations are in the next place to be ap- 


126. If we can ascertain the are described by the balance while the tooth of the ba- 
lance wheel is released from the projection of the pallet, the portion of time in which the 
balance is connected with the wheel - work of the machine will be known. By an ex- 
periment made on a very exact model of Mr. Muoc's construction, it appeared that 
the balance described an arc of about 80, while the tooth was released from the pal - 
let. And since the balance describes 1089 of its semivibration before the pallet begins 
to be moved, it will have described 1160 before the tooth is released; we are therefore 
to find the times in which the balance describes severally the two arcs 1089p and 116˙: 
the difference of these times will be the time in which the balance wheel is released 


| Parts of a second. 
The time in which the balance describes an arc of 1169 i is - 0.09101 
Time of describing an arc of 1089 is - 9 8 s 0.08713 


The difference, or time during which the balance 1 is 3 with the 

other parts of the machine, OM - - - 0.00383 
which is about 238 part of a second of mean time, the effects of friction not being here 
considered. 
If therefore the time of a semivibration is supposed to be divided into 100 equal 
parts, or physical instants, during the first g1 of them the balance will describe 1080 
from the extremity of the arc of vibration, to the contact of the arm connected with the 
_ pallet. During the 4 succeeding instants the pallet will be released, and during the 5 
instants following, the balance will describe the remaining arc of the semivibration. 
Thus it appears, that the balance moves perfectly free and unconnected with the wheel- 

work of the machine during 96 parts in 100 of the time of each vibration, 
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plied to ascertain what alteration of the daily rate is occasioned 
in consequence of any deviation from coincidence of the points 
of quiescence of the balance spring and auxiliary springs, (fig. 
8, and fig. 4 and 5.) that may have taken place either through 
a casual derangement of their position, or from a purposed ad- 
justment. This inquiry offers three cases, which are to be se- 
parately considered; the first is, when the points of quiescence 
of the auxiliary springs coincide with the point of quiescence 
of the balance spring. 2dly. When the point of quiescence Q_ 
of the auxiliary spring u is situated in the first semiarc of the 
vibration, or between B and O (fig. 4 and 8.). gdly. When 
is situated in the latter semiarc of vibration between E and O 
(fig. 5.) ; the like cotemporary position is to be understood i = 
respect of the other auxiliary spring. 5 55 
The consideration of these cases requires that the accelera- 5 
tive * forces of the balance spring and auxiliary springs, when 
at a given tension, should be known. This point will not be 


difficult to ascertain, if the proportion of the spring's forces at 


the same tension is given. By information received from Mr. 
Mopog, it appears that the force of each auxiliary spring is 
about 26 part of the force of the balance spring. Assuming this 
prognrtion, let the points of quiescence of the auxiliary springs 
be supposed to coincide with the point of quiescence of the 
balance spring, and let the radius of the balance be taken at 
one inch; the watch being adjusted to mean time, when the 
balance makes five vibrations in a second, if the force of gra- 

vity is = 1, the force which accelerates the circumference at an 


The accclerative force being always proportional to the absolute forces of impulse 
(as measured or counterpoised by a weight) divided by the mass moved equivalent to the 
resistance of inertia, the latter quantity remaining the same in the case of a balance's 
vibration, the accelerative forces will be in the same ratio with the forces of impulse. 


- 
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angular distance of go from the quiescent point will be = 
1.00408926 (p. 129): this force, in the present instance, is com- 
pounded of the force of the balance spring, and that of the auxi- 
hary spring, which are assumed to be in the proportion of 20 
to 1; consequently the force of the balance spring to accele- 
rate the circumference at the tension go, or f= 0.9562754 
and the force of the auxiliary spring at the same | 
tension, or 28 of f = WM» - 0478138 : 


— —_— 


Joint force of both Springs to accelerate the « cir- 
cumference at the tension, go or f 2 1 0040892 
With“ this force the balance vibrates five times in one se- 


From the investigation in page 128 it appears, that if F is the accelerative force 
on the circumference of the balance at the angular distance from quiescence c, 5 = 
3.14159, &c. 7 = the readies of „„ expranced in inches, 12 193 inches; the 

Fre - „„ 
1 | 
In the present case c* = 10 l inch F =f + 4 f 10040892; wherefore the 


| time of a semivibration will be = 


time of a Semivibration = e 1's part of a second peeebely. 


b e n Hier ty ths Recs af hs e en n thr of 
acceleration on the circumference at the distance go® from quiecence is 20 


Tr 
81F x 18 


the other values Femaining the same as in the former case, the time of a 5emivibration 


will be T ="458:53 and the time dern by the watch in 
now TEET ES. 55 | 


0.0478138 ; wherefore 2; 7 being substituted for Fi in the quantity * 


. 
45825 
taken = to one minute, or bo seconds of time, the time Shewn by the watch in 60 se- 
conds will be = 60 x .21822 = 13 seconds nearly. 

This would be the result if the forces of the balance and auxiliary springs were pre» 
asely in the proportion of 20 to 1. Mr. Mues mentioned this proportion by esti- 


X 2 


=t x £21823. Thus if f held be 


any portion of mean time f will = 


| | 
2 
1 

| 


1 
120 — 
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cond when adjusted to mean time ; the daily rate will therefore 


in this case be = o. 7 8 
Now let Q (fig. 4 and 8.), or the 10 of quiescence of the 
auxiliary spring deviate from O, the point of quiescence of the 


balance spring, by an arc O Q; suppose this arc O Q to be = 
12 and let the point Q be situated in the first semiarc of vi- 
bration between O and B. The time of describing the semi- 


arc B O will be ascertained on these conditions, by referring 


to the investigation (page 140), and 0 the following 


substitutions: : © 
a = 1. 570796g = an arc of go? to radius = 1* 


b=—2.9561945 = an arc of 135 
 £=2.3387412 =an arc of 134 


b—c= d=0.017455g = un arc of 1 


| = 193 
7 = ©. 9562754 
= 28. | - 


—_ 


mation only, not having any memorandum of experiments made to ascertain | the exact 
proportion. | Pe 


If therefore the actual rate of the watch should be observed when the balance vi- 
brates by the action of the auxiliary springs only, it is probable that the time shewn 
by the watch in 60 seconds of mean time * differ comewhat from that which has 


been here stated. 


| Since these notes were written, I have been favoured by his Excellency Count Bs v HL 


with an account of an observation made on the rate of Mr. Mupce's first time- 
| keeper, when the balance vibrated by the action of the auxiliary springs only, the ba- 
lance spring being removed. According to this observation, the watch shewed twelve 
minutes by the motion of the hands in one hour of mean time, which corresponds to, 


an interval of 12 seconds of time, shewn by the watch in 60 seconds, or one minute of 
mean time. According to the calculation, 13 seconds of time are shewn by the 
watch in one minute. A nearer agreement between the theory and matter of fact could. 
scarcely be expected in the circumstances of the experiment. 

In all the following calculations the radius is also = 1. 
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x into a circular arc, of which the sine is 


fl If xn+1 
VEE 75 
V 57 x Into a circular arc, of which the sine 855 
is — == 8 F - = ©.0004727 
Time of a semivibration in the arc BO = - Ws ar 


The time shewn by the watch in 25 = ce = 230 590 = 


400%. 60, giving a daily rate of 19“. 40 slow. 
This variation of the daily rate is not to be considered as 
affecting the regularity of the watch, as it is either compen-- | 
sated by adjustments when the watch is regulated to mean 
time, or taken as the established rate. A more material point 
is next to be determined; admitting the deviation of O and 
2 (fig. 4 and 8.) to be 02 1*, the same as in the former 
case; suppose the semiarc of vibration to be diminished from 
135* to 12. If the points of quiescence O and Q were coinci- 
dent, this diminution of the are of vibration would cause no 
alteration (page 128) in the time of a semivibration, because 
the forces of acceleration of both springs would be as the an- 
gular distances from the same quiescent point O; but since 
these points are separated by an arc of 17, a diminution of 100 
in the semiarc of vibration, will cause a change in the daily 


rate, which will be obtained from the general theorem (page: 5 


140) by making the following substitutions : 
a = 1.570796 = an arc of 9 

5 2.18166 16 = an arc of 123 

c = 2.164208 g = an arc of 124 

bh — c =d = 0.017453 = an arc of 10. 
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I = 19g 
72 — 8 


7 * into a circular arc, of which the sine is 


cxn+1 
1 


parts of a second. 
m_ > N 90.0995 1472 


WE * * a circular arc, of which the sine is 


* + n = 
The time of a semivibration 7 .1000242 1 2 
_ 248 u 
Time 88 by che watch i in 24 = —_— 7 290 59 390%. 08 
giving a daily rate of — 0 — 20.92 slow. 


Daily rate, when the semiarc of vibration was 1 35 1 9˙ 40 Slow. 
Retardation of the daily rate in consequence of 
dhe diminution of the semiarc of vibration from 
135 to 125 „ — 1%. 
In these examples, the point of quiescence of the auxiliary 
spring Q is situated in the first semiarc of vibration between B 
and O; and in consequence of this position, the daily rate of the 
time-keeper is retarded by a separation of the points of qui- 
escence, while the semiarc of vibration remains the same; i. e. 

13˙; secondly, the separation of the points of quiescence 
remaining unaltered, a diminution of the arc of vibration causes 

a further retardation of the rate. Opposite effects on the daily 

rate take place when the point of quiescence Q is situated in 

the latter semiarc of vibration, (fig. 5.) between O and E. 
The arc OQ remaining = 1“ as before, this case produces an 
acceleration instead of a retardation of the rate. | 
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Suppose the semiarc of vibration BO to be ar 
Separation of the points of quiescence O02 
Arc BQ in fig. 5, or BN in fig. 8. - —D 
The time of describing the semiarc B O will be determined 
by referring to the theorem (page 146). 
"— a = 1.570796g D an arc of go 
| b = 2.3561945 Dan arc of 195 
c = 2.9796478 = an arc of 136 


_d=0.0174533=anarcof 15 
I= 19g 
7 = — 1 


n= 


2 0* 


'24 


1 


ATA 


The time of deceribing the semiarc B 0 ww 


* 4a circular: arc of which the sine is A EE — o. 09950617 
. % = 
V — GRO xa circular arc of which the sine 


277 I "a 2 1 


is A d. X 14 2n co ” _ 0.00047141 


FInoO Ende 


Time of a semivibration i in the arc BO = 0.099977 58 


Time shewn by the watch in 24} = = 7 = * o' 19.98, 


giving a daily rate of 19.”g8 fast. 

Every thing else remaining, let the semiarc of vibration be 
diminished from 135 to 125, and make 
522.1816616 an arc of 125* 

e 1991149 = = an arc of 126 


If xn+1 


The time of describing BO will now be 22 —— x 4 


Parts of a zecond, 


a6o Mr. ATwooy's 2 for 2 ; 


—— 


| * a er arc of which the sine 
21fx1+2n _ Ms 7 "WL. + 1 


D * _ — 
Fn =Ine 3 


Time of a semivibration i in the arc B O = 0997574 


© 
br 
— 


Time shewn by the watch in 24 = = = = 24þ 00 20”. 91, 


giving a daily rate of 1 ns, HS 4 i * 
Daily rate when the semiarc of vibration we” 
135 0 - EE et op ” | + 


Acceleration of the rate i in consequence of the 
diminution of the Semiarc of vibration from 135 
to — - OE SS 
The theorem from which this latter result has been calcu- 
lated is founded on a Supposition, that the arc BN (fig. g.) is 
described by the accelerative forces of the balance spring and 
| the auxiliary spring u, and that the arc NO is described by 
the accelerative forces of the two springs just mentioned, com- 
bined with the retarding force of the other auxiliary spring v, of 
vhich the point of quiescence is situated at N (fig. 3. ). It may 
possibly be thought, that this supposed action of the auxiliary 
spring which retards the balance while it describes the arc from 
N to O, cannot take place, because by the peculiar construction 
of Mr. Mupcz's invention, when the balance vibrates from B 
towards E, the retarding force of the auxiliary spring is re- 
moved from acting on the balance while it describes the arc 
NET = 2) (fig. 5.), including the said arc NO; but it is to be 
considered, that this removal of the retardin g force from 
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acting on the balance while it describes the arc from N to , is 
merely a mechanical expedient for supplying the power which 
is lost by friction, and as it is thus wholly employed and coun- 


teracted, it appears requisite, in making calculations of the 


times in which the balance vibrates, that the entire forces of 


the springs are to be taken into the calculation i in the same 


manner as if friction did not exist, and no mechanical contri- 


voance was necessary for compensating the loss of motion in 


consequence of it. But since, in point of fact, no retarding 
force acts on the balance while it describes the arc N O, ac- 
cording to the conditions under consideration, it may be satis- 


factory to calculate the time of a cnnivideation in the arc 
B O on this ground also, that is, on a supposition that the 
entire semiarc BO is described by the j joint accelerative forces 
ol the balance spring, and the auxiliary spring u only; it will 
appear thut this slight variation of the conditions does not 
at all affect the conclusions deduced from the preceding calcula- 


tions, and very little alters the results themselves. 


The time of describing the semiarc BO, on these conditions, 
will be determined by referring to the theorem (vage 141), 


and making the following notations. 
4 = 1.570796g = an arc of go? to radius = 1 
5 = 2.336 1945 = an arc of 1335 
c e 2.3736478 D an arc of 1360 
4 = 0.174533 = an arc of 15. 
I 198g 
f = 0.9562754. 


T 
1 18. 


— 


The time of a emivibration i = * — = x into a cir- 


= 
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| . =” oy pts. of a second. 
cular arc, of which the sine = A — — 9997752. 
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2b + 2nc 


Time shewn by the watch in 24 = 72 —=2 h of 19.42, 
giving a daily rate of 19“. 42 fast. 1 
Every thing else remaining, let the semiarc of vibration be 


diminished from 135 to 125; and make 


b = 2.1816616 = an arc of 125 to radius 1. 
CC 2. 1991149 = an arc of 1265. 
The time of describing the semiarc B O will now be = 
| bxn+1 


2 a — 
Far -X A circular are, of which the sine Tre 
= 0.09997570 parts of a second. 5 
1 . 
Time shewn by the watch in 24˙ 997570 = 24 O“ 20 96, 
giving a daily rate of - 3 * » 200.96. fast. 


daily rate, when the semiarc of vibration was 1351 9.42 fast. 
Acceleration of daily rate in consequence of the —— 
diminution of the semiarc of vibration from 


195 to 125 - — — — 1.54, 


1 


_ 8carcely differing from the former determination in page 160. 


By having recourse to the figure, we may distinctly perceive 


the three quiescent positions of the arms GO and IO, (fig. 8.) 


in respect to the rods L M, Z W, which correspond with the 


several conditions assumed for the calculation of the preceding 
examples. In the first place, the crank AX VD, and the arms 
GO, IO, being in their quiescent position, it is evident from 


the preceding observations, that when the arms G O, I O are 


adjusted so as just to touch the rods L M, Z W, the points of 


quiescence of the auxiliary springs u and v coincide with the 
point of quiescence of the balance spring O, (fig. 6.) and in 


_— — 
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this case, the balance making 5 vibrations in a second when 
adjusted to mean time, the daily rate is = o (p. 146 ). 
Secondly, suppose the arms G O and IO to be so affixed to 
the axes TR, PS, (fig. 8 and .) that instead of just touching 
the rods LM and NW when quiescent, they are inclined* to 
that position at any angle OGQ=OIN: the situation of 
the pallets p and q not being altered: in this case the point of 
quiescence of the auxiliary spring u, will be separated from the 
point of quiescence of the balance spring by the angular dis- 


| tance OGQ= OC. In like manner the point of quiescence 
of the auxiliary spring v will deviate from the point of quies- 


| | * 32. 


cence of the balance spring by the angular distance OIN = 
O CN. Suppose that the arc OQ = ON is = 17: the point 
of quiescence Q of the auxiliary Spring u is in the first se- 
miarc of vibration, that is, between B and O, (fig. 4.) while 
the balance vibrates from B to E; and the point of quiescence 

ol the auxiliary spring v, is in the first semiarc of vibra- 
tion between E and O, while the balance vibrates from 


E to B; on these conditions, the semiarcs of vibration BO 


and OE being 135, the daily rate of the time-keeper will be 
19“. 40 slower than mean time, (p. 157) and if the semiarcs BO, 
OE, should be diminished from 135 to 1255 the daily rate 
will be 20% 92 slow (p. 158); the retardation of the daily rate 
in consequence of the diminished Semiarc of vibration being 


To consider the remaining case; if the arms GO, 10, 
(fig. 8.) are adjusted so as to press equally by the force of the 
auxiliary springs against the rods LM, W, when quiescent, 

the equal and contrary pressures prevent any apparent effect 

®* The force of the main spring not being supposed to act on the balance wheel, or 


pallets þ and g. 
1 
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on the position of the balance or crank AXY D; .if the rod 
LM should be removed (by turning the balance in its plane), 
suppose that the arm GO rests in a position GN, at a distance 
beyond O, which is measured by the arc ON 1'; in this 
position the point of quiescence of the auxiliary spring u will 


be situated in the latter semiarc of vibration at N, between E 


and O, and by a similar adjustment of the quiescent position of 
the arm 1O, (fig. 5 and 8.) the point of quiescence of the auxi- 
liary spring v will be situated at Q in the latter semiarc of the 
vibration, between O and B; in consequence of this position 
of the points of quiescence, the daily rate of the watch will be 


accelerated 190.38, (p. 159) while the semiarc of vibration 


continues 13357 and when the semiarc of vibration is dimi- 


nished to 125, the daily rate will be further accelerated; the 
rate being 20“. 91 fast, (page 160) or 1”. 53 faster than when 


the semiarc of vibration was 133. 
From these several“ results it may be concluded, that al- 
though the rate of going of Mr. Mupo's time-keeper depends 
materially on the quiescent position of the arms G O, I O, 
(fig. 8.), that is, on the position of the points of quiescence of 


the auxiliary springs, yet while that position remains unaltered, 


whatever it may be, the regularity of the time-keeper will not 


be affected in consequence of the said position, provided the 


Semiarc of vibration continues the same; but when this arc is 


® It is scarcely necessary to observe, that . these results have been investi- 
gated from supposing the elastic forces of the spiral springs to be in the precise law of 
the tensions, or distances from quiescence; yet if the spring's forces should deviate 
s0mewhat from that law, the general conclusions deduced from the preceding calcu- 
lations, respecting the acceleration or retardation of the rate arising from an alteration 
in the position of the points of quiescence, will still be true, although the degree in 
which these effects take place may not be exactly the same as when the spring's forces 
are in the precise law assumed in the investigations. 
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diminished, an acceleration or retardation of the daily rate will 


take place, according to the situation of the points of quies- 
cence of the auxiliary springs referred to the semiarcs of vi- 
bration in which these springs respectively act. If the points 
of quiescence of the auxiliary springs should be situated in 


the first semiarcs of vibration, a diminution of these arcs will 


eause a retardation of the rate; but if the points of quiescence 
Should be situated in the latter semiarcs of the respective vi- 
brations, the daily rate will be accelerated. 


By means of Mr. Mops construction, we may apply the 
principles deduced from the preceding investigations to correct 
such alterations in the daily rate as may arise from a dimi- 
nished or increased arc of vibration. For if it should be 
known, from any satisfactory mode of trial, that the properties“ 
of the balance spring are such as cause the longer ares of vi- 

bration to be described in less time than the shorter arcs; 

whenever the arc of vibration is diminished, the time-keeper 
will lose; and this error in the rate would be corrected by ad- 
justing the points of quiescence of the auxiliary springs in the 

3 latter semiarcs of vibration at such a distance O N. 


Different opinions have been entertained respecting the times in which a balance, 


vibrating freely by the action of a spiral spring, describes the longer and shorter arcs of 
vibration, Mr. HaRRISOx says, © large arcs are naturally performed in less time than 


small ones.” —Notes taken at the Discovery of Mr. Has «150n 's Time-keeper, p. vii. 
In this opinion he is followed by M. BexzTHouDp; J'ai appris par des experiences süres, 
= que les grand arcs et les petits arcs d'un balancier ne sont pas isochrones, et qu'en 


«« general, dans un balancier libre, les grands arcs sont plus prompts que les petits.“ 


Mr. Lupram, in his report addressed to the commissioners of the board of longitude, 


and intituled, a Short View of the Improvements made or attempted in Mr. Haxrison's | 


Watch, has the following remark : „The principle on which Mr. HARRISsOx forms 


e the alteration of the third part (before described) is, that the longer vibrations of a 


balance moved by the same spring are performed in less time. This is contrary to 
«« the received opinion among philosophers and workmen.” 


These contradictory opinions may possibly have arisea irom cperiments, in which 


15 
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= 00 (fig. 8 and 5.) from the point of quiescence cf the ba- 
lance spring, as corresponds with the error intended to be rec- 
tified.* In like manner, if the property of the balance spring 
Should be such that a diminution of the arc of vibration causes 
an acceleration of the daily rate, this error will be corrected by 
placing the points of quiescence of the auxiliary springs in the 
first semiarcs of vibration, (fig. 4 and 8.) at their proper dis- 
tances from the point of quiescence of the balance Spring. It 
is, however, to be remarked, that if the balance spring should 
be of the latter kind here assumed, and the points of quies- 
cence of the auxiliary springs, either by any casual derange- 
ment in their position, or by an adjustment of them for the 
purpose of experimental observation, should be placed in the 
latter semiarcs of vibration, the effect of this position would 
-be an acceleration of the rate, whenever the semiarc of vibra- 
tion is diminished : and this effect would be produced on a 
double account; first, from the assumed nature of the balance 
 spring, which disposes it to describe the smaller arcs in less time 
; all the circumstances capable of influencing the times of vibration in longer or shorter 
arcs, were either not noticed, or omitted to be properly allowed for; this will seem the 
more probable if it be allowed, that a balance spring may be adjusted in various ways 
30 that either the longer or shorter arcs shall be performed in the least time; not only 
dy altering the thickness and strength of the spring in different parts, but, if we sub- 
s cribe to the opinion of M. BERT HO b, in a spring uniform in every respect through- 
out, by altering the length and number of turns. He infers, that a certain length and 
number of turns may be given to an uniform spiral spring which will make it perfectly 
isochronal. This latter principle, however, does not appear to have been verified by any 
satisfactory experiments. According to the inferences deduced from the preceding in- 
vestigations, three spiral springs, which are not en when acting singly, may be 


so united by properly adjusting their points of quiescence, that their combined action 
shall cause the balance to perform its vibrations in any two arcs of unequal lengths in 
the same time. 
The position of the points of quiescence of the auxiliary springs is here understood 
to be altered, by affixing the arms G O, I K, differently on the axes TR, FS; the 
quiescent position of the pallets being no ways changed. 


4 
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than the larger arcs of vibration: and secondly, from the posi- 
tion of the points of quiescence of the auxiliary Springs. Butit 
is evident from the preceding considerations, that although the 
balance spring should not be isochronal, yet the regularity of the 
ae. keeper will not be at all affected, however the points of qui 
Scence of the auxiliary springs may be situated in respect of the 
point of quiescence of the balance Spring, as long as the semiarc 
of vibration continues unchanged ; and if the semiarc of vibra- 
tion should be liable to increase or diminution, Mr. Mupce's 
construction affords an effectual remedy against this cause of va- 
riation in the rate, since the arms projecting from the auxiliary 
springs may be so adjusted, as to place their points of quiescence 
either in the first or latter semiares of vibration, according as 
the balance spring, when acting singly, causes the shorter or 
5 longer vibrations to be described in the least time. 


On revising the preceding Pages a few observations have — which may be 
Here inserted. 

Note to page 122, line 1 3 he elastic force of the spiral spring when at a given 
tension to turn the balance, is here assumed to be the same, whether the balance is at 
rest or in motion, being in both cases equal to the weight by which the * 's force 
at the given tension would be counterpoised. Z 

Note to page 131. Alt is not necessary to add constant quantities to the fiuents of 


„ wm 


the fuxions VFF => r= 2 f — = = 11 because when the entire fluents 


are taken, they are precisely in the same proportion, whether the constant quantities 

(or corrections as they are sometimes termed) are added or omitted, 

Addition to the note in page 140. —If the points of quiescence are in the first semi- 
arc of vibration, and c =o, the point B will coincide with Q (fig. 4.), from which point 

the vibration will commence ; in this case the expression for the time of a semivibra- 


tion will become ft =, J 7 X an arc of which the sine is 7 or an arc of 90⁰ = 
wah 2 
| 2 „or f= N CM ; which agrees entirely with the solution in page —_ for in 


this case the auxiliary spring not acting on the balance while it describes the arc QON, 
the balance will vibrate by the force of the balance spring only; of which the force at 
the distance a or 900 is = f, and consequently by the thecr2m investigated in page 126, 


168 


. eee 22 5— . - N 


A 


Mr. ATwooD's Investigations Se. 


expression. 
Corollary to the solution in page 146,—If te pints o qiecence of the auth 
Springs are in the latter semiarcs of vibration, and the vibration commences from the 
Point N (fig. 5.), in this case d b, or c a d. ee 


time of a veminibration becomes . E X an arc of which the sine is 
** 1 a 


. P=£; wherefore the time of a cemivibration = 
d xX1i+2n | 


3 Wh aber, hook that whether th pint of quan 
IfxX1+2n 


1 auxiliary springs are situated in the first or latter remlurcoes vibration, if the temi- 
arc of vibration should be = to the distance of the said points from the point of qui- 
excence of the balance spring, the times of vibration vill de the came whatever be 


the magnitude of that semiarc. 
| Note to page 164.—Supposing, as in x the an cxmmples, the points of q e 


of the auxiliary springs to be at the distance of 17 from the point of quiescence of the 


balance spring, the variations of rate from mean time, when the semiarcs of vibration 


| are 135% 125%, 60?, and 10 severally, will be as expressed underneath : 


Points of quiescence 1 in the first Semizrcs of vibration. 


gems of ini „ ——— 

1359 „„ „„ 
8 - $4 — 20".92 

0. 25 FE. MTs — 44-33 

TE © - - 5 = 4.2424 
Points of quiescznce in the latter semiarcs of . 

135? „ - 1 +. 29.36 

an. - 1 — + 20˙.91 
= „ + aw 

ww - - - e 


© auxiliary springs chould be applied for the sole purpose of i the vibrations 
of the balance isochronal, it may probably be found convenient to adjust the points of 
quiescence of the auxiliary and balance springs at a greater distance than 1®; suppose 
the distance to be 109%. Let the arc of vibration be 450, or 14 of a revolution, and 
suppose the balance to make four vibrations in a second; on these conditions two auxi- | 


| Vary springs, each of which is about 7; part of the force of the balance spring, or per- 


haps a single auxiliary spring proportionally stronger, will, in most cases, be sufficient 
to compensate for the want of isochronism in the balance spring. 
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|Jan.17]8 o 36 | 48 30, a8 ; NW | x Rain. 
12 @j W071 © inal t | NE | 2 Cloudy. 
18]8 of 33,5 48 |30,46| | | ENE | 2 Cloudy. 
2 of 36 | 48.5 30,47 | E | 2 Fine. 
|... 1901s Of] 28 |] 45 {| 20,69 i NE | 1 Fine. 
42 061. 43 |. 47 Fete þ | NE 1 |Hazy. 
208 0] 32 [46,5 30,49] |  [WixW| 1 Cloudy. 
|2 0 34 | 47 | 30,50 Z NW | 1 Cloudy. 
2118 © 38 } a7 "into 17 [WNW | 1 Cloudy. 
228 0 35 | 46 30, 50 W | 1 [|Foggy. 
2 0 39 | 49.5 30, 82 W | 1 Cloudy. 
238 oj 33 | 47 | 20049 W | 1 Cloudy. 
| 2 o| 36 | 48 [30,41| SW | 1 |Cloudy. 
1 2418 Of] 39 | 47 | 20,22 | WII |Cloudy. 
ta #6 43 | 50 30, 15 5 W | 1 Rain. 1 
258 ] 39 | 49 30, fo, 8 E | 1 Rain. [ 
| GTC. NE | 1 |Cloudy. 
j a26j$ ©} 3n | 48 | 20023 +. Jenny. 
2 0 37 go [| qo! „ | 
2718 [ 33 | 47,5| 30,30 W | 1 |Cloudy. . 
2 0 41 | Fo, 5 30, 30 W | 1 Cloudy. | 
28] 8 0 39 | 48 | 30,18 VW | 1 |Cloudy. 
80} af | 52,5 | 30,16 W {| 1 Pine. | 
298 of 40 | 49 | 30,00| | | W | 1 |Fogey. 
2 © 40 | $52 |a9-927] | _ j SW | 2 jCloudy. 
30] 8 [ 39 | 50,529, 80 | 0,017 [WNW] 1 Cloudy. 
3 43 | $2 | 20,82} 4. NW | 1 Fine. 
3 01] 36 | .$0- | 2088] - |  IWNW] 2 Fair. 
| 12 0144-1 $2 jon#7] | FRW-j 28 oy 
| TH 1 | 
| of | 


This interruption, in the observations of the hygrometer, was occasioned by 
one end of the whalebone having slipped out of the pincers by which it is held. 
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Y METEOROLOGICAL JOURNAL | 
| for February, 179. 

| Time. | Therm. | Therm. | Barom. ny. Rain. Winds. 
| | without. | within. | Igro- = | 
1793 — fon * — es. — — Weather. 
| H. M , o | Inches. | | Inches. | Points. Str. 
Feb. 17 41, 50 29,50 8 | 2 Cloudy. 
8 2 © | 43 [52,5 29,37 | 83 | 2 {Clendy. 
| 27 © | 37,5| 50 | 29,59 „r 
2 045 | 53 29,53 [SW | 2 Cloudy. 
37 43 51,5 29,34 %, 46 SW | 2 Cloudy. 
[2 © | 44 | $4 eee eee. 
47 © | 39 50, 5 29,32 |69 | 0,053 | SW | 2 Cloudy. 
12 ©| 435] 53 |29-29|64| | SSW | 2 Fair. 
57 of 37 | 50,5 29,33%: NW 1 | Foggy. | 
42 e| 43 | 55 |29.49|67 | J[WNW| 1 Fair. 
| 67 o 39 | 51 | 29,61 [74 |o,112| W | 1 Kain. A 
| 2 o| 46 | 53,5| 29,62 |62 | | W | 1 Cloudy. 
77 © | 41 | 50,5 | 29,57 [75 | 0,278] W | 1 |Cloudy, 
| FE N00 53,5 | 29,72 |63 | WNW | 1 |Hazy. 
$ G9 © 2M 50,5 | 29,85 |68 | | WSW | 2 |Cloudy. 
| 12S © | 43 | $63 129,60 [70 ISW | 1 Cloudy. 
| 97 © | 39. | 505] 29,78 |69 | 0,290 [WNW | 1 Cloudy. | 
2 © 46 |. 53 [29-79 163] _ | W | 1 Cloudy. | 
10 7 o | 36 | 50 | 29,53 |65 [| o,0g7 W | 2 Fine. L 
2 0 40 | 52 |29,52/60] WNW 2 Cloudy. | 
11] 7 © | 36,5| 49,5 | 29,58 |63 | 0,037 WNW 2 Fine. | 
1 [|=2 942,5 52 29,78 15g | [|WNW| 2 Fair. 
FFF 50,5 | 29,52 [63 | 0,031 | NW | 2 Cloudy. | 
| [2 © | 46 54 | 29,58 155} | NW | 2 Cloudy. | 
137 o| 39 | $51 | 29,92 |68| WNW | 2 |Cloudy. | 
F423 | $3 | $4 26 6804s | WSW | 1 Cloudy. 1 
147 of 47 | 53 |29-07]76| SW | 2 Cloudy. H 
12 © | 445| $53-5| 29-75 [04 WI 2 Fair. ö 
1337 o | 38,5] 52 29,6650, 286 SW 2 Rain. 
2 041,5 53 29,7163 SE | 1 |Cloudy.. [ 
16 7 of 35 | 51 | 29,7870 N | 2 Cloudy. ' 
2 o | 40,5 | 53 | 29,85 |65 | NNE | 2 [Fair. = 
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METEOROLOGICAL JOURNAL 
for February, 179g. | 
Time. | Therm. | Therm. | Barom. | Hy-| Rain. | Winds. | 
3 without. within. | Isro- % | | 
1793 |— - — | ok Weather. 
= HA. N. ay | 0 Inches. Inches. Points. | Str. 
Feb.i7] 7 o| 34 | 50, 5 39,05 [75 | NNE | 1 Cloudy. 
2. ©} 48 } $2.4 | 36.04 [67 NE | 1 Cloudy. 
.. -" #1 W 51 | 29,80 73 W | 1 |Fair. 
| 38 3. af 53 2977 173 W | 1 |Cloudy. 
19] 7 © 32,5 5o 30, o |71 | 0,031 | W Fair. 
12 ©j 43 | $3 | 30s J64 | NW | 1 Fair. 
| 7 67: 50 | 30,18 |72 | WNW | 1 |Fine. 
12 ©j 43 | $4. }3Si7i6q |: SW | 1 Fine. 
21} 7-07: 37 1 $1 F902 596 1: SSW 1 Fine. 
. 2 0 46 | 53.5 30, 10644 e 
22] 7 [ 30 | 50 30, 21733 Js by WII |Foggy. 
„ 54 30, 21633 SW | 1 Fine. 
23 7 ©| a5 | eie WSW | 1 |Cloudy. 
2 ©] xo 1 cc- | Gio j. WSW 2 Cloudy. 
247 ©| 47 | 53 3,167 o, iza0 W | 1 Cloudy. 
3 & |} -£2 $7. | 30,22 165 |. |SWh.S| 2 Cloudy. 
257 © | 43,6} 53 30,05 |78 SWb.S| 2 Cloudy. 
| [80 |} a7 | $7 -1 be 79 SWb.S| 2 Cloudy. 
267 o| 4o | 53 | 29.95 (67 | WNW | 2 Fine. 
42 „% 47 | 56 35,352 Nw | 2 Fair. 
27 7 © | 42,5} $54 | 30,02 [64 | SW | 2 Cloudy. 
2:0 | 5o | $6 1 29.07 I58 | SSW || 2 Fair. 
28 7 42,5 54 29,8772 SW | 2 Cloudy. 
2 043 | 36,5 29,96158 | W | 2 Fair. 
| | 1 
1 | 8 | 
© EE 
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METEOROLOGICAL JOURNAL 


for March, 179 . 


Time. Therm. | Therm. | Barom. H y- | Rain, | Winds. 
| without.| within. | gro- „„ 
1793 my —— . ——— Weather, 
„ FR o Inches. | Inches, | Points | Str | 
| Mar.1]7 o| 43 | 545| 29,73 [68 | SSW | 2 Fair. 
JJ 50 29,52 70 | SSW | 2 Cloudy. 
217 of 42 54 | 29-70,67 | 0,095 | W | 1 |Cloudy. 
ELIE ” 29.69 64 | SW | 2 Cloudy. 
[ 7 ©f 4an 54 | 29,02 60 0, 63 W | 2 Fine. 
JJ. WNW | 2 bine. 
447 © 35 | 53 | 29,88/168 | [WNW] 2 Fine. 
| 2 0 45 | 56 29,8955 3 WNW] 2 Fair. 
r {| E | 3 [Chudy. 
B JFG. 29,7660 | ESE | 2 Cloudy. 
Þ 67.0 39 | 53 [2991jjo| | N | 2 Fine. 
12 © | 46,5] 55,5 29,9662 | NNE | 2 Cloudy. 
77 % 35.5] 52 30,0272 NNE 1 Fine. 
[2 ©] 44 | 55 30,05 599 if NE | 2 Fair. 
87 0 37 | 52 30, 1960 E | 2 Cloudy. 
2 ©| 42 56 30, 2151 3. 8 [8 We - 
| 97 © | 37 51 30, 1261 E 2 Cloudy. 
EE 53,5 30,05 55 „ 2 Fair. 
| 10 7 © | 34 [51,5 29,9561 ENE 1 Fair. 
12 © | 495| 53 29,92 57 S | 2 [Fair.- 
| 1117 o| 36 | 5o | 29,76 [60 | E | 2 |Cloudy. 
2 037.5 52 29,7458 E | 2 Cloudy. 
12 7 033.5 49,5| 29,8657 E 2 Cloudy. 
| 2 0 36 | 51 29,9056 | E. | 2 Pine. 
13} 7 © | 45 | $50,5| 29,8083 o, ioo SW | 2 Cloudy. 
| 85 3 01 3 54 | 29993 [74 | SSW | 2 |Cloudy. 
T7 ©: 52 30, 1380 SW | 1 Cloudy. 
WW SSW [I Fair. 
1 ©| © } 53 ee SWb.W| 1 Cloudy. 
I 2 , 49 | $7-5| 30,02 [56  SSW | 1 bine. 
07 1.46 55 29,8671 SSW | 2 Cloudy. 
8 58 29,6057 11 Cloudy. 
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METEOROLOGICAL JOURNAL 


for March, 179g. 


Time. Therm. ] Therm. ] Barom. * Rain. Winds. 
| without.| within. gro-| | E | 
1793 | 0 — = —_— Weather. 
8 0 Inches. | Inches. | Points. | Str. 
Mar. 17 7 © | 35,5| 55 | 29,62 o, 183 | WSW | 1 | Fine. 
ES I =: 56 | 29,42 63 BY 1. ESE | 1 | Hazy. 
-07 ©1120 55,5 | 29,07 80 | 0,241 | S | 1 |Cloudy. 
a 46 57.5 | 29,20 +: 8 | 2 Cloudy. 
19 7 © | 38.5| 54,5 | 29,70 [68 | 0,015 | WSW | 1 | Cloudy. 
2 © | 48,5] 57 | 29,78 |60 W | 1 | Cloudy. 
20 7 o| 46 54.5 29,84 76 | SW | 1 | Cloudy. 
[2 0 52 | 58 | 29,82 |65 | | SSW | 2 | Cloudy. 
$11 7 © 1.49 55,5 29,84 75 | 0,020 | WSW | 1 | Cloudy. 
% 48 | $58 | 29.92 jo] _ SW | 1 | Cloudy. 
22] 7 0 | 42 | 55 29,72 70 SSE | 2 | Cloudy. 
2 © | 43 {| $6,5 | 29-60172 | 8 | 2 | Rain. 
23 7 © | 37 | 54:5| 29,78 70 | 0,325 W | 1 | Fair. 
18 ol 4 j $7 {f 2Qo7Tics | SSW 1 | Fair. 
24] 7 © | 36 | 54 | 29.90/66 | | NE | 1 | Fine. 
RRV 55,5 29,9107 NE 2 Cloudy. 
257 o | 41,5] 53 | 29.98 |74 | 0,023 | ENE | 2 | Cloudy. 
12 0 44.5] 55 {| 30,01 [64 | NE | 2 Cloudy. 
26 7 © | 30.51 $2. 29,94 |78 0,097 | NE | 2 | Rain. 
2: & 40 52 | 29.91 [68 | |} NE | 2 | Cloudy. 
27 7 © | 34,5] 50,5 30,0261 NE | 2 | Cloudy. 
8 39 | 53 29,9756 NE | 2 | Cloudy. 
28] 7} o | 34 | 50,5| 29,7662 | NE | 1 | Cloudy. 
"SS 0643-081 55 | 29,50 [51 | 1 & JE. 
„ 7 @ | 33 }- Wd 29,83 65 NE | 2 Cloudy. 
. 2 41.5] 54 29,8651 e 
„ | 33 50 29.9860 NE | 1 |Fine. 
2 o | 43-5] 545| 29.9851 NW | 1 Fair. 
317 ©f 33 | $1 29.9967 N | 1 |Fair, 
2 of 42 [53.5 29,9452 N |} 1 bine. 
| | I = 
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METEOROLOGICAL JOURNAL 
for April, 1799. $ 
| 

Time. Ma Therm. | Barom. Hy- Rain. Winds, | | | 

| without. ] within. | gro- xd 
— — 2 ˖—＋́Äͥũàãꝛ—cͤ-..—.—— Weather. 

«| . | Ä 
17 0 36 | 5o | 29,77 [64 | 0,025  SSE | 2 |Cloudy. | 
12 © 36,5 Z 51,5 29,63 70 | Es go E I * Rain. 

7 o| 36 [50 | 29,56 [75 | 0,383 WNW 1 ISnow. 

A 29,68 70 WNW] 1 [Cloudy _ 
17 © | 35 | 50,5} 29,88 [73 WI Fair. | | 

2 048 545 29,151 | SW | 1 Fair. | 
7 of 39 | 51 30, 0 | | NNE | 1 |Cloudy. 1 
12 0 51,5] 54 30, 0058 | N | 1 Cloudy. -4 
|7 of 42 | 52 30,0% % | | NNW]| 1 |Hazy. I 
|2 © | 52 | 57 30,060 n 
7 ©| 41 [53.5 30, 0473 INN WI Cloudy. 2 
12 © | $4 58 | 30,04 [64 | _ | NNE | 1 Fine. a 
7 © | 40 | 54.5 30, 166 | | NNE| 1 |Fine. 1 
2 0 51 | 58 30, 1956 rr A 
17 © | 40 | 54 30. 3066 ENE | 1 Hazy. | 
2 © 50,5 57 | 30,30 [47 | 0-1 Jane. 4 

1 53.5 30, 27 66 E II Fine. 
18 1 59 30,2447 . E 
17 04 53 30, 2165 ENE | 2 Fine. | 
3.047 46 55,5 30, 1649 NE | 2 Cloudy. 1 
17 ©] 53 | 30,08 [64 NNW | 1 Fair. 

120 45 | 54.5 29,9664 NW | 1 Cloud { 
|7 © | 39,5] 53 29.8868 NNE | 1 Cloudy 

2 0 44 | 54 29,886 | | NE | 1 Cloudy. | 

7 o| 37 | 52 | 29,76|68 o, % NE | 1 Fine. 

2 o| 49 | 56 29.70% | NE | Fair. 
417 © | 43 | 53-5] 29-74|07 Ii |Cloudy 
2 0]. 46 55 29,8257 | NNE | 2 Cloudy 

7 © | 33 | 52 29,9459 W | 1 |Cloudy 
732 ©}. £6 54 | 29,81|52 | W | 2 Cloudy. 

7 o| 38 | 53 | 29,64|66 | 0,038 | NW | 2 [Cloudy 
2 0 45 | 54 29,76 47 | N | 2 |Cloudy 4 
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METEOROLOGICAL JOURNAL 


for April, 1793. 


Time. Therm. | Therm. | Barom. Hy- Rain. | Winds. 
| without.| within. gro- 
FOES „ 1 
. T | | 
8 A 1 Inches. Inches. | Points, | Str. 
70 1 34 51 | 30,07 63 8 41 
2 0 40 52 30, 00 60 SSW | 2 
7 of 47 | 52 | 29927 |85 [0,543 |WSW| 1 
2 053.5 54.5 29,22 63 5 
71 53,5 | 29,5863 | 0,065 | NW | 2 
4 ©@73 it 54,5 | 29,8664 N | 2 
7 o| 36 | 53 30, 1966 NW I] 
z » 48 | 55,5| 3022 52 N | 
7 of 42 | 53 3,1557 88E | 1 
| 2 O 54.5 57 30,1551 5 
7 o | 43 54 30, 2060 wr I 
2 © $45| 57 35,1845 2 1 
7 © | 44 | 55 29,8863 Sj 
2 0 59 58,5 | 29,7948 "ESE | x 
7 © | 48 56,5 | 29,7063 NE | 2 
2 0 60 | 59,5|29-70153 E |1 
7 o| 47 J7.5 29.7670 N--} 3 
2 ©] 63 58 29,7960 N I 
7 0| 47 57.5 29,8567 A. 
2 ©} 58 59 | 29978 | 53 | SSW 1 
7 ©| 47 | 57 29,57 63 8-41 
2 © | 56 58,5 29,55 56 „ EY 
7 00 46 57 | 29,75 62 NE [| 1 
2 0 57 | 59,5| 29,80 |55 NW I 
7 o| 45 | 58 | 29,88 [65 F.-Y 1 
2 52.5 659,5 29-77 80 I 
7 46 57.5 29,77 66  WSW | 2 
1 59,5 29,6854 SW 12] 
. | _ 
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METEOROLOGICAL JOURNAL 


for May, 1793. 


Therm. | Therm. | Barom. Hy- Rain. | Winds. 
without.| within. gro- | 
— ay — Weather. 
| | "I par | | 
H. M. * Inches. Inches. Points. Str. | 
7 o| 48 | 58,5] 29,27 66 o, ogo SW | 2 [Cloudy 
2 o| 57 | 59,5 29,2457 ISW | 2 [Cloud 
7 0 48 57 | 29,36 |65 -| 0,065 | SW | 2 [Cloudy 
2 0 $53,5| 61 29,5064 WSW 2 Cloudy 
7 o| 44 [57.5 30,04 |68 [o, 28% WNW 1 Fine. 
2 o| 56 | 59 30. 15 60 WNW} 1 Fair. 
7 of 45 | 57 30, 98 | W | 1 Fair. 
2 of 54 | 59 30, 25 2 WSW 1 Cloudy 
|7 of 5o 58 29,90% | W | 1 Cloudy 
2 0| $54 | $58 | 30,07 49 NW | 1 |Cloudy 
7 of 45 1 $7 | 3029601 | NW | 1 Eine. 
2 0 59 | 59.5 30,28 49 NW |] 1 [Cloud 
7 of 47 | 57,5| 30, 1764 +. -N..-} v [Cloud 
2 0 53,5| 58 30, 15 60 N | 1 |Cloud 
|7 of 44 | 58 | 30,14 [68 |o,100| E | 1 |Cloudy 
2 0 58. | 59,5| 30,08 56 | SSE | 1 (Cloud 
7 o| 47 | 58 | 30,05 70 o, 165 SW | 1 Cloudy 
2 © | 62 | enge WSW | 1 Fair. 
7 o| 48 | 59g | 30,18 [54 | W | 1 Cloud 
20 55.5 59,5 30,0657 SSE | 1 Cloudy 
7 0 | 52 | 59 [29,78 |64 | i 
12 © | 60 | 60 29.77 56 . 
7 555 59.5 29-89 [68 | NNE | 1 [Fine. 
2 0656 60 29,9360 Iii. 
17 0 53 | 60 29.9267 | NE | 1 [Cloudy 
2 0 69 | 64 | 29993153 | | NNE| I |Fine. 
17 of £1 | Gt: | 30.12 [62 |} --|- N | 3 [Fime. 
2 ©| 61 2 | 30,16 [47 | NNE | 1 [Fine. 
E 59 30 14/58 NW | 1 Hazy. 
2 © | 63,5| 60,5 30,7585 NW | 1 [Cloudy 
5 01 2 | 53 362015981 Nj + Fine. 
20 61 | 59,5} 30,23147 | NW | 1 Fine. 
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METEOROLOGICAL JOURNAL 


for May, 179. 


* | | | | 
Time. | Therm. | Therm. | Barom. bs Rain. | Winds. 
| without.| within. gro- | 
| 1793 ——— | —4 Weather. 
3 en © a a Inches. | Inches. | Points. | Str 
Et” 
May 177 of 55 | 60,5 | 30,09 65 WNW | 1 Cloudy. 
| 2 o| 65 | 62 20,93 6 [WNW] 1 Cloudy. | 
18] 7 o| 52 | 61 | 29,98 [65 | 0,161 | NE | 1 Cloudy. 
2 © | O68 | 628 j 30,0118 } NNE | 1 Cloudy. 
1917 0 48 | 595 30, 659 | N 1 |Cloudy. 
2 0 $4 | 59 30,0658 NNE | 2 Cloudy. 
20] 7 © | 48 57 30, 1162 NNE | 1 IFair. 
2 0 61 60,5 | 30,10 {49 | NE | 1 Fine. 
211 7 014 .4© 59 30,15 61 N Ii ine. 
| 12 © 65,5 b 61,5 | 30,15 [99 | N = Fine. 
22] 7 ©| 49 | 59,5 | 30,23 56 _ N | 2 Cloudy. 
12 ©| $7 - | ' $9-5 | 30-23 j55 1 N | 2 |Cloudy. 
23] 7: © | $8 | -$7,5 | 30,22 [61 N | 2 Fair. 
4 8: Oh Sy 60 30, 2255 i ie. 
247 f 30 {| $69 30,264 N | 1 Cloudy. 
2 © 57 | 61 30,18 52 NW | 1 Fair. 
25 7 ] 48 | 58 30, 26 50 EN. 
2 0 61 | 39 30, 26 43 | N | 1 Fine. 
26 7 o| 51 | 58,5 | 30,29 49 NNE | 1 Fine. 
1 TCT NNE | 1 Cloudy. 
| 27{ 7-0 |. 49 58 | 30,22 ,60 | N | 1 Cloudy. 
TS SW 59.5 30, 12 50 NW | 1 Hazy. 
2817 Of. $2 3 29.9764 WNW | 1 |Cloudy. 
e 60 29,88 51 NW | 1 Fair. 
| 297 0. | 48 58,5 | 2985 58 W | 1 Cloudy. 
77:8 ©3483 {|} 8. f 29.65 j696 1 WNW] 1 Fair. 
2017 -@j. 4 }: $7 | 20682 (56 2 Fine. 
ba r 190 43 NW | 2 Fine. 
23017 01- 46} £6 | 20,13{50 NW | 1 ine. 
SS: 58 30,1545 NW II Cloudy. 
: be. 
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METEOROLOGICAL JOURNAL 
for June, 179g. 
1 INS = 5 
Time. | Therm.| Therm. | Barom. Hy-] Rain. | Winds. 
1 without. within. Igro- 
1793 —½—é— —— Ates. | Weather. 
| EH Mi & 1 Inches. Inches. Points. Str.. | 
June 1] 7 © | 47 57 | 30,16 |56 | WSW II Fine. 
2 © |} Og 58,5 | 30,05 46 SW | 2 |Hazy, 
2| 7. © | $4 57 | 29,82 |52 SE b. E 2 Cloudy 

2 0 | 63 | 58 29,8048 | SE | 2 |Cloudy. 

3] 7 © | 54 | 58 | 29,94 [63 SW | 1 Fair. 

| 2 © | 67,5| 61 | 30,01 [50 8 by W 2 | Fair. 
47 © | 58 | 59,5] 39-09 |55 | S byW| 2 Fair. 
2 o | 70 [61,5 30,05 [49 | S by W 2 Cloudy 
57 7.5 50,5 39,05 [58 | E | 1 |Hazy, 

2 0 @ 62 | 39,05 54 SSW | 1 |Cloudy 
67 o | 56 | 61,5| 30,02 [60 | SSW 1 Fair. 

12 01 as 63 | 30,00 57 SSW 2 Cloud 

| 7. © | $6 [ 61, | 2.4293 [66 WSW 2 Cloudy 

2 01. 50 63 29,8948 WSW I Fine. 
87 o| 55 | 62 29,8662 WSW 2 | Cloud 

i 2 0 O05 [63 29.9157 SWh.w| 2 | Cloudy 
97 o | 54 | 62 | 30,01 |60 | SSW 2 Fair. 
2 o 65 (62,5 30,01 |54 SSW | 2 Cloudy 
107 o | 52 [61,5 30,09 60 W | 2 Fair. 

2 0 67,5 63 30, 1048 W | 2 Fair 
1117 enen, W | 1 Fair. 

1 4 6 62 30, 451 SW | 1 Fair. 
i281 7 © 1 03 61,5 29,94 |59 WSW | 1 Fine. 
--1.2: 0 1 v2 } 6s {| $600 in9 NW | 1 Cloudy 
13] 7-0 | $4 61 30, 1360 NW | 1 | Hazy. 
"3 03-39 O1 30,15 [52 NE | 2 | Cloudy 
14] 7 © 50 | 89,5 30, 2060 NNE | 1 Cloud 
. 2 04 57 | 00. | 30,19 55 N | 1 Cloudy 
157 © 50 59 30, 1458 N 1 | Cloudy 

42 64 62 4 - 60: | 206,05 162- WNW] 1 | Fair. 
216] 7 |. -54 39,5 | 30,12 158 NW | 1 | Fair. 

T3 © 1: 60 | 30,07 52 NW | 1 Cloudy 
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ME TEOROLOGGICAL JOURNAL 


for June, 179g. 


Time. | Therm. | Therm.| Barom. Hy-] Rain. Winds. | 
without.| within, | gro- : „ | 
1793 „ä3—UdÜ 4 — 12 9 — | Weather. 
— hn 293 10 Inches Inches. | Points, | Str. | | 
June 17]7 © | 57 | 60 | 29,86 53 o,o zo W | 1 |Cloudy. 
. 2 0 70 | 61,5 29,83 50  JWNW| 2 Fair. 
18 7 © | $2 60 29,94 54 NW | 2 Fine. 
TS #7 WM 60 | 29,96 50 NW | 1 | Fair, 
197 © | 54 60 | 29,71 |65 | 0,198 | W | 1 | Rain. 
_ [2 © | 60 | 60 | 29,68 |64 NW | 1 | Cloudy. 
20 7 © | 52 | 59,5 | 29,90 |60 | 0,088 | NW | 1 | Cloudy. 
| 2. 0 | $6 |  $6,61| 20:97 [$3 NW | 1 | Cloudy. 
2x7 01] $2 j $9 [907 [56 | E | 1 | Cloudy. 
| 2 © | 66 60 | 30,04 50 W | 1 | Fair. 
23] 7 © | &2 59 29,78 59 WNW | 1 | Cloudy. 
iS &@ } as 60,5 29,79 50 WNW 1 | Cloudy. 
23 7. 80 59 29,95 54 WNW 1 | Fine. 
„ 0% „% 1] 02 [29,08 [47 | [WNW 1 | Fine. 
247 ©| 51 | 59 | 29,97 [59 Cloudy. 
2 © 58 [59.5 29,91 [60 | W | 1 | Cloudy. 
23 7 © 86 59,5 | 29,8863 | 0,025 W | 1 Fair. 
20 03 60 29,9155 | SW | 1 | Cloudy. 
| 26 7 © | 58 | 60,5 | 29,78 [72 | 0,066 WSW 1 | Cloudy. 
10 - 3 62,5 29,78 [47 | WNW 1 | Fair. 
$717 © | $4 60,5 29,73 |63 W | 1 | Fine. 
: 1:28. © | 7o j 62 | 29,8 [48 Ii. 
28 7 © 57 [61,5 29,8465 WSW 1 | Fair. 
2 0 1 6 | 29:90 {48 SW 2 Cloudy. 
29 7 © | 57 | 62 29, 8065 8 2 | Cloudy. 
"FS © 1 62 29,7363 SSW 2 | Cloudy. 
30] 7 © 57 | 62,5| 29,90 61 | 0,020 | SW | 2 Fine. 
2 © 64 63 29 66% SW | 2 Cloudy. 
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METEOROLOGICAL JOURNAL 
for July, 1798. 
| Time. | Therm. | Therm. | Barom. Hy-] Rain, | Winds. 
| without. | within. gro- | | 
1793 | = — Weather. 
H. M. 0 o | Inches. | Inches. Points. Str. | 
= | | 
| July 17 ©. 1 62,5 | 29,85 62 SW |} 2 Cloudy. | 
18S © }..-67 - | 63 1 20.605 j63 | - } SF | 2 |Cloudy. 1 
2 7 © | 56 | 62 | 30,04 52 | 0,070 | WSW | 2 Fair. 
2 0 68 63 | 30,09 [49 | a. 4 2 | Fair, 
37 © | $4 | G62 | 30,23 61 | W | 2 |Fme. 
2 | '74 63 | 30,22 4 W | 1 Cloudy. 
47 ©| 57 62 | 30,18 |56 SW | 2 Cloudy. 
48 S320 63,5 | 30,12 49 SW | 2 Fair. | 
$1 7 ©} 64 30, 160 WSW | 2 Fine. 
| 2 .© | 80,5| 66,5| 30,20 [48 | W | 2 Fine. 
67 © | 60 66 | 30,30 [66 | © 7 8: . WV 
2 © | 86 | 68;5| 30, 2651 SSW | 1 Fine. 
7.7.0 | 6g 69 | 30,14 02 | SW | 1 |Fine. 
12 % 9 72 | 30,08 48 SW b.S| 1 Fine. 
87 © | 66 72 | 30,09 ol Wh 1 | Hazy. 
23. @+-.W 73,5 | 30,08 52 E | 1 | Fine. 
c 7 © |: @ j} 73 j 3610 js | E | 2 |Cloudy. 
„ 72,5 30.0854 E 1 Fine. | 
10] 7 © | 66 71 | 30,07 59 E | 1 {Hazy. | 
2 © | $2,5| 73 | 30,07 43 E [I Fine. 
117 o 67 72 30,056 E | 1 ICloudy. ö 
2 680 74.5 29,9649 E | 2 Fine. 
12] 7 © 66 72 29,9856 . 
e 76 30, 0 45 r 
1 73,5 30, 1058 NE | 1 |Hazy. 
-ja-0 | 8 | 760- | 30,21 [46 :S 1 |Fine. 
241.7 © | @ | 73 {13018 33 NE | 1 |Hazy. 
2 8 76 | 30.16 47 EL . WY | 
16 7 © | 6s 73 30, 17 50 NE | 1 Hazy. [ 
2 5: $4.5] 75-1 30-20 [43 E 1 Fine. 
16 7 66 73,5 29,9650 E II Fazy. 
2 01 89 76 | 29,55 [45 SW | 1 [Fine. 
bo 
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METEOROLOGICAL JOURNAL 


* | 
| for July, 1799. 
Time. Therm, | Therm. | Barom. | Hy-] Rain. | Winds. 
| without. within. Igro- | | | 
F wane. 
| = M3 © Fe Inches. | | Inches. | Points. | Str. | 
July 17] 7 of 65 | 74 29.8253 | SSW | 1 Eine. 
42 of 8 | 74 29,8849 | WSW | 1 Fair. 
187 o | 62 | 73 | 2985 |55 | 0,049 | SW | 1 Cloudy. 
2 o| 67 | 72 29,7653 [WSW 1 Cloudy. 
197 © | 60 70 29,7658 | 0,064 | WSW | 2 Cloudy. 
12 o| 68 | 70 29,7447) | SSW | 2 Cloudy. 
20 7 © | 57 | 68 [| 29-85 j67 | WNW 1 Cloudy. 
2 o | 65 | 68 29.935 |} NW | » |Cloudy. 
21] 7 © | 56 | 67 | 30,20|56 | 0,070 NNW 1 Cloudy. 
2 ©f & | @& | 6:22 148 | NW | 1 Cloudy. 
22] 7 0 56 | 66 30,2158 V 
2 023,5 67 3,1448 S by W| 2 Hazy. 
23 7 ] 60 | 66 | 39,01 |60 | SSW | 2 Cloudy. 
2 © | 63 | 66,5 | 29,98 [5g SSW | 2 Rain. 
24] 7 © | 64 | 66 | 39,00}62 | 0,011 | WSW | 1 Cloudy. 
12 © |: 78 |} 69 | 30,01 [cr W {| 1 |Cloudy. 
act '57- © 68 | 30,01 |65 W | 1 Cloudy. 
TS #19 69 | 39,01 |56 | WW | xo Faw. - 
26 7 o | 63 | 68,5 | 30,06 |60 | W | 1 Cloudy. 
4. 2. © 75 | 70--| 30-00 [g2 | W | 1 |Cloudy. 
27] 7, © | 64 | 69 | 30,0064 | E | 1 |Cloudy. 
s © f bg 69 | 29,98 16g |  { ENE| 1 Kain. 
28] 7 ©| 59 | 67,5| 29-92 [74 | 1,137 | NNE | 1 Cloudy. 
48 01 67 | 29991 [59 5 N 1 Cloudy. 
29 7 G 56 65 29,9165 NW | 1 Cloudy. 
B 2 © 67, 66 29,9253 NW | 1 Fair. 
30 7 © | -$6 655 | 49:97 [05 | WNW | 1 |Fine. 
. 66,5 | 29,90 [52 | SW | 2 Fair. 
"231 7: & | v0 66 | 29,91 [68 | 0,215 SSW | 2 Kain. 
2 0 78 67 1 29995 [51 | | SW | 2 Fair. 
| EIT i 


C 262 


3 | METEOROLOGICAL JOURNAL | 
for August, 1799. 
| { Time. | Therm.| Therm. | Barom. Hy- Rain. | Winds. 
| ovithout.] within. gro- | | | 
1] 1793 — 1 5 2 ; — Weather. 
| H. M. + S ike}; Inches. | Points. Str. | 
Aug. 117 o | 58 | 66 30, 1666 W [1 1 Fine. 
| | 2 o | 74,5| 67 30, 1849 Fa EE. AX 
2] 7 © | 61 | 66,5| 30,17 [61 | NI Fine. 
2 0 75 | 68,5| 30,0851 „ 
317 o 64 | 67 29,8668 B | 2 [Fair. 
2 © | 78,5| 70,5| 29,78 [8 | _ SSE | 2 Fair. 
47 o | 62 | 68,5| 29,70 [67 | 0,358 WSW 1 Cloudy. 
j2- © | 65 | GO; 20072 icq j {| $ | 2 jClondy. 
57 © | 60 | 67,5| 29,9266 W | 2 Cloudy. 
2 072,5 69 29,8554 | SSW | 2 Fair. 
"1 667 o | 58 | 67 30, 06650, 158 W 2 Fine. 
4 42 070,8 68 30, 1450 [WNW 2 Fair. 
1 77 0 59 | 67,5 30, 1764 E Ifir. 
1 2 0 68 | 68 30,3 5 | | E | 2 [Cloudy. 
10 8] 7 © | 60 | 67 | 29,84 |73 | 0,257 | SW | 2 Cloudy. 
| 2 0 73 | 68 29,8150 | SW | 2 Fair. 
| 97 © 60 66 29, 8063 SW | 2 [Cloudy. 
2 © 67 | 67 29,8053 SW | 2 Fair. 
10 7 o | 62 | 66 | 29,80 59 | SW | 2 |Cloudy. 
2 o | 67 | 67 | 29,88 [63 | SW | 2 Fair. 
11} 7 © | 56 | 66 | 30,08 [64 | SW | 1 Fine. 
"8 © j-Sg 66,5 | 30,06 | 47 _ | SW | 1 Hazy. 
i2] 7 © | 5g | 66 | 30,07 60 | WSW | 1 Cloudy. 
142 ©| 74 | 68 30,0449 | S | 1 [Fine. 
137 o 63 | 67 29,9258 E | 1 Cloudy. 
2 o | 80 | 70 29,8551 SSW | 2 Fair. 
147 „ 56 | 67 30,0361 WSW I 2 Fine. 
B 13 oj 78 eee | WSW | 1 Cloudy. 
1517 58,5] 67 | 29,09|61 | S | 1 Cloudy. 
| 2 o | 68 | 67 29,4457 8 | 2 [Cloudy. | 
| 167 © | 57 65.5 29,6353 | W | 2 Fine. | 
1 2 0 68 | 67 29,7249 W | 2 Fair. | 


1 
1 
METEOROLOGICAL JOURNAL 
for August, 1799. 
Time. Therm. [Therm. 3 i | Rain. | Winds. | 
| without.| within. ro- - | | { 
Ann E ter. GIG Wt Weather | 
BH. IM 0 1 lache. I Inches. | Points. | Str. | [ 
7. @ 7 87 65 29,5866 1 | 1 [Cloudy 
2 o | 58 | 65,5 29,3463 | S | 2 Rain. 
7-0 1 $4 64 29.73 68 0,460 WN 2, Cloudy. 
2 o 61 | 64.5 29,945 | [WNW 2 Cloudy. | 
5 © 1 $3 63.5 30,10 [67 | WSW | 1 Cloudy | 
F 65 30, 1055 S | 1 Fair. * 
7 813 63,5 | 30, 1865 S | 1 Fine. I 
|2 o 69,5 65 30, 2050 S | 1 Fine. 
|7 o | 58 | 64 | 30,28 |68 „ 
2 0 74 [65,5 30,285E« | S [1 Fine. I 
17 © | 87 65 30, 2168 8. | 
2 o | 75,5| 67 30, 1352 | SW | 1 Fair. 
17 ©]. 68 66 | 30,01 [68 .. W_ | n Cloudy. 
2 © | 71,5] 68 30,0150 SW | 1 |Hazy. 4 
7 © | 55 | 65,5| 30, 0963 SW | 1 Fair. | 
2 © 67 | 66,5| 30,07 [50 SW | 1 |Hazy, | 
7 © | 54 | 65 | 30,18 [62 SW | 1 Fine. 
2 © | 65,5| 65 30, 1851 E | 1 lazy. 
67 ©] 53 | 64 30,10[64 | NE | 1 [Hazy. 
2 © 68,5 67 30, oo 50 | SW | 1 |Hazy. 
7 o| 53 | 64,5| 29,94 f63 WSW | 1 Fine. 
2 o 67 | 65 29.9448 WNW | 1 [Cloudy 
28] 7 © | 55 64 | 30,04 | 67 W | 1 Hazy. 
|2 0 67,5] 65 30,1453 W | 1 |Hazy. 
29] 7 © | 57 | 64 30,05 60 | NE | 1 Cloudy 
2 068,5 66 | 29,99 |52 | SSW | 1 Fine. © 4 
30 7 © 57.5] 65 29,8066 SSW 1 Cloudy. 1 
| 2 o| 66 | 66 29,73 60 | SSW | 2 Cloudy. 1 
317 ©| 56 | 65 | 29,77|63 | 0,082| NW | 2 Cloudy. 1 
| 2 o| 65 | 65 | 29,75|56| W | 2 Fair. 
PO Fr 5 
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for September, 179g. 


| 


| 


Barom. iu 1 | Rain, 


FI 
bs 


Winds, 


| 


Inches. 


tr. 


| Weather. 


SS. mn» ww | 


[DI WI NN NWN NNNNNNNNNNNNNYNNNQNNYNNNNN 
00000000000000000000000000000000 


| | 29,87 
| 29,66 


— 


29,58 


29,98 
30,05 


30.07 
30205 


30,31 
30,32 


30, 11 


30, 10 
| 30,05 
30, 02 
29,95 
| 29,88 
29,83 
2979 
29,71 


29,53 


29,71 
29,59 


30, 08 


30, 20 6 
30, 265 


30, 316 
30,26 


30, 10 


29,418 
1 29,59 | 


0,030 | 


i , 


Cloudy. 


Rain. 5 
Fair. 
Fair. 
Fair. 
Fair. 
Fair. 
Fine. 
Fair. 
Cloudy. 
Cloudy. 
Fine. 
Fine. 
Cloudy. 
Cloudy. 
Cloudy. 
Cloudy. 
Cloudy. 
Cloudy. 
boss y. 
Fair. 
Foggy. 
Fine. 
Cloudy. 
Rain. 
Fair. 
Cloudy. 
Rain, 
Fair, 
Fair. 
Fair. 


29,08 


D 19 J 


METEOROLOGICAL JOURNAL 
- | 
for September, 179g. 
7 — — — 
I Time. | Therm. Therm. Barom. Hy-] Rain. | Winds. | | 
5 Z without.| within. gro- | | | 
1793 — 1 — Weather. 
| nM „ - | les. antes, | Pains; Fir | 
|Sep.17] 7 0 | 29,96 72 [WSW 1 Fine. 
| . 29,98 60 133 S | 2 Cloudy. 
„ 29,77 82 | 0,277 SSW 1 | Cloudy. 
„ 29,78 760 [SSW 1 | Cloudy. 
197 0 30, 12 71 | 0,120 | NE | 1 | Cloudy. 
N 30, 1663 NE | 1 | Cloudy. 
20] 7 ©| 30,10 72 NE | 1 | Cloudy. 
„ 30, 1357 NE | 1 Fair. 
1 :@ 30, 1867 | 0,040 | ENE | 2 | Fine. | 
20 | 30-17 [65 | NE | 2 | Cloudy. 
2 7 @ | 29,88 [70 | 0,047 | NE | 2 | Cloudy. 1 
20 29,72 69 | NE | 1 Cloudy. * 
237 0 29,55 71 | 0,099 | SE | 2 | Cloudy. 15 
20 29,6265 8 2 | Rain. ] 
2417 ©| 29,98 [73 | 0,098 | SW | 1 | Cloudy. F 
„ 30,6 11 | SSW | 1 | Cloudy. i 
25] 7 30, 22 75 | 0,141 | NW | 1 | Fair. | 
„ 30, 2859 E | 1 Fine. | 
26] 7 © | 30, 45 73 ENE | 1 | Cloudy. 1 
2 © 30,45 62 rr I 
271 7 @Þ| 30,44 [74 | E | 1 | Fine, 5 
12 8 30, 3662 E | 1 Fine. | 
i: eNy © 30, 2077 ENE | 1 | Fair. 4 
| EW 30,07 |62 | E |} 1 | ine. | 
= Yo. | 29,80 [74 | E | 1 | Cloudy. I 
E ©] 29,7161 SE | 1 |Cloudy. 
-0t 7 © »5| 29,71 |72 SSW 1 Cloudy. 
1 8-:@1] 29,77 66 SW | 1 Cloudy. 
| - 
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METEOROLOGIC AI. JOURNAL 
for October, 1798. 


Barom. 


Inches. 


ö 


rr 


* * - 


[vw WNW NYU NNWNY DW NWN NN NNNYNNNNYNNNNN 
loo0000000000000000000000000000000 


29,55 
66 29,52 
29,716 
29,79 
30, 08 
30,14 60 
30,02 
30,08 
30,20 
2, 30, 23 6 
6 30, 20 
30, 216 
30, 28 
30, 22 
30, 2673 
30, 2561 
30, 18 
39,120 
2995 | 
29,88 
29,90 | 
29,95 
29,91 
29,91 
I 30,03 76 

| | 30,07 
30,07 | 
_ | 359,19 [61 | 

| 3947 
30,48 
30,48 


b e e e 00 00 b % 0 0 % % 6% % 6% TE 


— — 


Rain. 
Cloudy. 
Fine. 
Cloudy. 
Cloudy. 
Cloudy. 
Cloudy. 
Fine. 
Cloudy. 
Fair. 
Cloudy. 
Cloudy. 
Cloudy. 
Fine. 
Fine. 
Cloudy. 


Cloudy. 


Fine. 
Foggy. 
Fine. 
Cloudy. 
Cloudy. 
Foggy. 
Fine. 
Fine. 
Fine. 
Cloudy. 
Fair, 
Fine. 
Fine. 
Cloudy, 
Fair. 
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METEOROLOGICAL JOURNAL 


for October, 1793. 


— 


Time. HEE Therm. Barom. ny Rain. | Winds. 
without. | within. | [gro- _ | | | 
„ „% Inches. | Inches. | Points. Str. 
3 61 | 30,28 [72 | WNW 1 Fair. 
2 o| 59 | 61,5 | 30,25 66 NNE | 1 |Cloud 
18] 7 0 48 60,5 30, 2871 SSE | 1 Cloudy. 
1 S S3 Wo 60,5 | 30,26 [70 NW | 1 [Cloudy 
19 7 o| 52 | 60 30,2167 W | 1 Cloud 
[2 of 54 | 60 30, 1862 W | 1 |Cloudy. 
20 7 32 59 30,13 66 WII Cloudy 
2 ©f $4 59,5 | 30,12 |61 | WII Cloudy 
217 of 47.5 58 30, 1372 WNW | 1 Fine. 
2 0 60 30, 1360 NW | 1 Fine. 
227 o 53 | 59 30, 1870 SW | 1 Cloudy 
. 43 of $5 |: @ Jon jeg | 1 1 Cloudy 
237 0 50 59 30,2765 E 1 Cloudy 
2 0 $56 | 60 30, 2157 E | 1 Fair. 
2447 0 45 | 59 30,0461 3 1 Fine. 
2 0 52 | 60 | 29,92 [58 | S by W 1 Cloudy 
25 7 0 49 | 59 29,76 70 SSW 1 Cloudy 
2 053.5 61 [29,6567 S by W| 1 Rain. 
7 ©1237 60 | 29,53174 | SSW 2 Cloudy. 
"8 #13 © 62 29,50 [71 SSW | 2 Cloudy. 
27 7 o| 52 | 61 | 29,47 64 SSW 1 Cloudy. 
2 of 57 62 29,47 66 SSW | 1 Cloudy. 
287 of 43 | 58 29,75 73 WNW} 1 Fine. 
12 o $53 | 62 | 29,94 60 WNW] 1 Fine. 
297 o| 48 | 59 | 29,78 70 SW | 1 |Cloudy. 
| 2: ©] $56 60 | 29,53 60 | SW | 2 Cloudy. 
307 of 39 | 58 | 29,29|72 | 0,931 [WNW[| 1 Fine. 
2 of 47 | 59 {| 29.36/59} WNW} 1 jFine. 
317 0 35,5] 56 29.2273 WNW | 1 Fine 
2 0 44- 357.5 29-31 [04 | WNW | 1 Fine 


— — ne nn eye enero 
. METEOROLOGICAL JOURNAL 
for November, 179g. | 
— = * — a 
Time. | Therm. | Therm. | Barom. Hy-] Rain. | Winds. | | 
we without.| within. | Igro- 1 : 1 
[ 1793 fm — — — = — — l Weather, 
bi W . „ liches.“ Iaches. | Points. Str. 
FE FEAT 
1] Nov.1] 7 o 37 55 | 29,58 [74 NW | 1 Cloudy 
a 56 29,6866 NE | 1 Fair. 
[07-4 53.5 29,93 |70 W | 1 Fine. 
2 0 4650 | 29,90 |65 | SE | 1 Fair. 
317 o| 46 54 | 29,60 |78 | 0,326| WSW| 1 [Cloudy 
2 of 505] 57 | 29,65 [61 | WSW| 1 Fine. 
47 39 54 | 29,63 70 E | x1 [Cloudy 
„ 54.5 29,43 68 E | 1 [Cloudy 
N &f WM 53 | 29,60|74 | 0,391| W | 1 |Fine. 
# 2 o| 46 | 56 | 29,65 66 WNW 1 Fine. 
67 0 nn | NE | 1 Fine. 
4 @j 47 {$5 $6 | 26,00 j66 NE | 1 |Fine. 
77 ©| 38 | 53 29.9673 NW | 1 Fair. 
12 07 as: | $ 29,96 |66 N | 1 Cloudy 
$' 7 ©] | $3 | 29.900 [73 - | [Froggy. 
|2 ©| 44 | 54 [| 29975170 | E | 1 Cloudy. 
97 o| 38 | 53 | 29,50[77 [0,277 W | 1 Fair. 
t2 % 48 | 55 [29491792 1} SE | 1 |Pair, | 
10] 7, © | 48 | $535 | 29,05 |83 | 0,414| W | 1 Rain. 
2 49.5 57 | 29-22 j68 SW | 1 ine. 
1117 of 45 | 54 | 29,19|80 | 0,093 |WNW| 1 Cloudy | 
T8 #7 57 | 29,3864 | WNW 1 Fair. 
144 7 3 54 29,6974 NE I Fine. 4 
| 2 04 48 '} $$ [20:53 176 E II Cloudy | 
1 137 048 54,5 | 29,27 [74 o, 3zio SW | 2 Fair | 
| 12 0 $52 50,5 29,2866 [SSW 2 Clou | 
| 14/7 o| 40 | 55 | 2943174 | SSW | 1 Cloudy. 
"IS: 01 57 | 29,49 164 | SSW | 1 [Cloudy ſ 
1317 © | 48 55 29,5176 E | 1 Cloudy. 
2 52 57 [29,4870 ESE | 1 Cloud 
16} 7 46 | 56 29,4475 E | 1 [Cloudy 
| 2 O| 48 57 129,48 72 E | 1 Cloudy. 
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| METEOROLOGICAL JOURNAL” 
for November, 179. 
— — a 
Time. | Therm, | Therm. | Barom. Hy-] Rain. | Winds. 
1 without,| within. gro- | 
79 ————— 
| . Mt 7 o | Inches. Inches. | Points. |Str. | 
| 2 © | 50 58 29,66 78 | E I 
187 o| 5o | $6,5| 29959 |75 [o,og7 | E | 1 
13 ef & | ww jnmenhrj - 44 
197 47 | 58 29,57 [8 Wo Des 
2 056 60 29,5970 „ 
20 7 © | 45 58 | 29,82 [78 | ENE | 1 
2 o| 52 | 59,5 29,8675 E I 
21] 7 ©| 47 | 58 30,0125 E |1 
2 ©| 52 | 59,5 | 30,01 [67 [11 
227 ©| 43 | $7 29% %% [ENE|1 
| |2 © | $1,5] 60,5| 29,90 [75 E |1 
237 ©| 45 | 58,5|29.94178| Ss. 71. 
2 © | 50,5| 61 29,9370 "SS 71 
- 20] 47 159 13534102 ] „ 
257 0 45 | 58 | 3930174 | E 1 
2 047 58,5 39,32 [66 E | 
267 ©| 44 | 57 | 39933 [70 E 1 
12 046,5 58 30,31% 3 |: 
. r e een, NE [1 
2.0 | 4a 57,5 30, 2473 | NNE | 1 
28 7 © | 45 | 57 30,3078 NE | 1 
2 „ 45 | 57 | 39-3172 ENE | 1 
29 7 o 42 | 56,5 30,30[71 S 1» 
| [2 ©| 44 | $6,5| 3935167 NE || 1 
30 7 0 42 | 55 30, 3675 NE II 
JVC | NE |1 
| & 8 
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METEOROLOGICAL JOURNAL | 


for December, 1 793- 
Time. 8 W Barom. Ry. Rain. | Winds. 
| 85 * 4 | 0 _ | Inches. 2 | Inches. | Points. Str. _ | 
Dec. 1] 8 o | 42 | .52,5| 30,38 [76 | 0,035 | E | 1 Cloudy. | 
Plz of 4 | 56*[50ag re | | NE | 1 [Coup @— | 
i 28 42 | 55 2 4. 3 NE | 2 Cloudy. | 
3 1 FS» - 1 | | 0 5 
3 I - 5 755 | N# | 1 Cloudy. og 
| 20] 4b 54 30, 2663 5 ö 1 Cloudy. 
* : = 3 . 60 SW | 1 Cloudy. 5 
1 34 1 — 75 WSW 1 Cloudy. . 
| 5 ; 32 | 57 3 ” | | | | | j 
| 2 © f- © | 52 120.38 17S | _ |WBW] 1 | Cloudy. F 
Sy 3 : | hes SW | 1 [Cloud 
618 o| 38 | 52 30, 3074 | 2. 
| ſz o| 4 zee, e e 
78 o| 31 | $1 [30,09ſ73| |WNW| Fair, —@| 
FBI EE... > 45 a | 
| $9.01 9 | $5 100003 lo Hs + 
io ol 3 | BIEN ET lene |» Che. 
| go] 8 o| 42 | 51 29,7776 e | 
| 12 0 45 53 |29,67|70 | [SSW | 1 Cloudy. = 
| mo 2+ 8 1 = 1909 | 58 | Sie. 5 
i | 
| 1118 o| 47 | $2,5|28,72| *| ow | C1 p | 
6 + © O | 53 56 28,77 1 | Do | I | 2 — V. 
ö 1248 0 50 | 55 29.15 T5 0,130 = | : 2 14 
DS. MY 8 3 BE. 29,28 | Ho” 4 n | 
| 1318 0 54 57 4 _ J,. 140 3188 
"8 #205 © [20,20 | | -- | Jos | i 
TT 19 [0 101125 nn 7 
F- 218 1 7 = ES | SSW | 1 Cloudy. | 
F 
16, 5 of 5o 7 295 oe 1 ' 
1 Fac WW: 58,5 | 29,30 | WEE TW LY 8 — a 


„This interruption, in the observations of the hygrometer, was occasioned by 
one end of the whalebone having slipped out of the pincers by which it 1s held, 
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1] METEOROLOGICAL JOURNAL 
| oo for December, 179g. 
| ; | 
Time. Therm. Therm. | Barom. Hy-| Rain. | Winds. | MY 
799 === | ER wy # ; | # 1 
In. M. , | o | Inches. | | Inches. | Points |Str. | 3 
LG 8 wes REA 3 22 3 
1 | Ty | 1 
bee. i 80 56 | 29,84 0, 158 SW | 1 1 
| Da 58 | 29979] | S |2 1 
13 o| | $6,5 | 29,55 fo, 251 SSW | 2 „ 
224 59.5 2948] | | SW | 2 1 
| 19 8 © 57 29,44 o, 160 | S 2 | 
| 2 0 ’ | - $$ 38 | 
20 3 o 57 29,58 \ SSE | 1 
"FS ® 38 | 29957] 11 3 
2 56 29, 49 SE 1 1 
J N of 
j TT ©] | 55 28,97 fo. o E [1 
1 TY Gf 57 28,99 3 ESE | 2 ; 
1 23 3 oO | $525 29,28 | 0,054 E | I 
| FRI 59 29,4 | [18 
„ | 53,5 | 29,72 | NE [| 1 
CSR 58 | 29,78| NE [1 
1 288 © | 42 55 | 29,96 NE | 1 
| 2 © 43 | 56,5 | 29,98 | NE Ii 
"GN $ ©} 4a 55 30, 11 E [| 1 | 
6-8 56 | 30,10 E | 1 : 
27] 8 @ | 38 54 | 30,03 | I 
2 © | 40 56 | 29,98 719 | 
413 8 0] 97 | $3 1061; NE | 1. . | 
1 VC 54 29,89 NE | 1 Cloudy. 4 
29] 8 ©| 36 | 52 | 30,05 | | NNE | 1 Cloudy. 
| 2 © | 39 54 | 3011 | NNE | 1 Fine. 
30] 8 © | 30 5o | 30,14 | 1 1 Cloudy. 
12 0 32 | 52 30,9 ESE | 1 Foggy. 
3118 © | 38 go | 29,80 | S | 2 |Cloudy. 
1 8 93 $4 29.74 SE | 2 Fair. 
| | Ll | 
| 1 
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PHILOSOPHICAL 


TRANSACTIONS. 


5 XII. 'On the Conversion of Animal Muscle into a Ae _ 
resembling Spermaceti. By George Smith Gibbes, B. A. of 
Magdalen College, Oxford. Communicated by George Shaw, 


M. D. F. * S. 
Read March 13, 1794. 


II is a matter of great curiosity to observe, after any fact has 
been well ascertained, how many things might have led to a 
much earlier investigation; particularly so, had the writings 
of many great men been equally examined, with those obser- 
vations which, though apparently very trifling, have often ex- 
cited general attention. The conversion of animal muscle into | 
a fatty matter gives us a very striking example. 
The celebrated Sir Tomas Brown, in his very learned and 
curious treatise intituled Hydriotapbia, assures us, that he has 
found a soap-like substance in an hydropical body. His words 
are as follow, viz. © In an hydropical body, ten years buried in 
« a church-yard, we met with a fat concretion, where the nitre 
mRRCCINY — 
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* of the earth, and the salt and lixivious liquor of the body, 
had coagulated large lumps of fat into the consistence of 
the hardest Castile soap; whereof part remaineth with us.” 
Lord Bacoy, in his work intituled Sylva Sylvarum, also 
- mentions this curious circumstance: © You may turn (almost) 
all flesh into a fatty substance; if you take flesh and cut it 
into pieces, and put the pieces into a glass covered with 
* parchment; and so let the glass stand six or seven hours in 
boiling water, It may be an experiment of profit for mak- 
ing grease or fat for many uses; but then it must be of such 
* flesh as is not edible, as 1 dogs, bears, foxes, bedgers, 
< Ke” 
Ante muscle, having lost its living principle, has been 
generally supposed to undergo, when exposed either to the 
action of air or water, that kind of decomposition only which 
is known by the name of the putrefactive fermentation. Since 
the discovery of the bodies in the Cimetiere des Innocens at 
Paris, this subject has been more attended to; and a substance 
much resembling spermaceti, is now known to be formed by 
combinations which take the animal flesh and water. 
If you put flesh under water, and let it stay some time, it 
will get very offensive, and the putrefactive fermentation will 
in some measure most assuredly take place. This seems to have 
been the reason why the substance remaining in the water had 
not been more accurately examined, it being imagined that 
as this decomposition had commenced, the whole would be 
changed in the same manner. It would appear strange, if the 
same substance, exposed to the action of two such different 
bodies as air and water, should undergo precisely the same 
change. That they do not, has been lately proved by many 
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experiments, and that the putrefactive fermentation is not at 
all necessary in the formation of this fatty matter, I think 
some of the following experiments will shew. 

After having seen some of the matter found in the Cimetiere 
des. Innocens at Paris, I concluded that in some situations the 
same kind of substance might be easily found ; accordingly I ! 
examined some of the macerating tubs belonging to anatomi- 
cal schools in town, and I found that in most of them the flesh 

was nearly changed into this kind of fat. By the indulgence 
of Dr. PEGGE, the anatomical professor in Oxford, I was per- 
mitted to examine the receptacle in which the bodies are de- 
posited, after he has finished lecturing on them. This place is 
a hole dug in the ground to the depth of about 1g or 14 feet, 
and, to remove all offensive smell, a little stream is turned 
through it. I found, on first looking into it, that the fle 
was quite white, and on drawing up the first piece, I found it 
changed i in the manner before described. From this place ! 
have procured at least 12 pound weight of a substance equal 
in every respect to spermaceti. 
Having seen many specimens of different animals, which had 
been changed under somewhat different circumstances, that is, 
where some had been buried in dampish ground, some in wet 
ground, and some even in water itself, I began to suspect that 

1 might bring about the same change in a shorter time, at least 

I might determine the time necessary for it: with this view a 

| Piece of the leanest part of a rump of beef was confined in a 

box full of holes, which being tied to a tree near a river, was 

suffered to float in it. On taking this up from time to time, I 

perceived that it gradually got whiter and whiter, and at the 
2 2 


" 172 Mr. Gisnxs on the Conversion of Animal Muscle 


end of a month it was perfectly to appearance changed to a 
mass of fatty matter. From some circumstances, I am induced 
to believe that it is sooner converted in running water than 
when it is perfectly at rest; for when this beef was exposed to 
the water in the river, a piece of mutton was placed in a reser- 
voir of water, and I perceived, that though the mutton was 
exposed for a longer time than the beef, yet it was not so much 
changed. 15 
Finding that this anbetanoe was 20 formed, and that I could 
procure large quantities of it, I tried some experiments to pu- 
rify it; for this purpose I took several pieces of it and melted 
them, and I found, though they were brought into a closer 
8 union, yet the fœtid smell was as bad as before. After trying 
= - Y some unsuccessful experiments, it occurred to me that i I could 
= add a substance to it which would unite with the offensive parts, 
and not with the fat, I might then get it pure; accordingly I 
poured some nitrous acid upon it, which immediately had the 
desired effect; a waxy smell was perceived, and on Separating 
and melting it, I got it nearly pure. The nitrous acid turns it 
| yellow, but by submitting 'it to the action of the oxygenated 
muriatic acid, I have got it quite white and pure. In the be- 
ginning of last June I buried a cow, in a place where, from the 
rising of a river to supply a mill twice a day, it was submitted 
to the action of running water. On taking this cow up in De- 
cember, I found that where the water was constantly! running 
over it, there it was changed into a fatty substance, but where 
the water which had acted on the meat could not pass off, 
there a very disagreeable smell was sensible, and the flesh was 
not so much changed. A piece of this cow, that was perfectly 
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lean, was stuck through with a stick, and fastened to the bot- 
tom of the river; this piece was perfectly changed into a fat 
matter, and had lost its offensive smell. 

I have brought about this change in a much shorter time, 
in the following manner. I took three lean pieces of mutton 
and poured on them the three mineral acids, and I perceived 
that at the end of three days each was much altered; that in 
the nitrous acid was much softened, and on separating the acid 
from it, I found it to be exactly the same with that which I 
had before got from the water ; that in the muriatic acid was 
not in that time s much altered ; the vitriolic acid had turned 
the other black. 

From these experiments, it appears to me that it is not at 
all necessary that the putrefactive fermentation should take 
place ; on the contrary, that it takes away a great deal of the 
flesh which might serve for the formation of a n. quan- 
tity of this waxy substance. 


The foregoing experiments may not appear new to every by 


one, but as they are perfectly so to me, 1 take the liberty of 
offering — 


XIII. Abstract of a Register of the Barometer, Thermometer, 
and Ram, at Lyndon, in Rutland, 179g. By Thomas Barker, 
Esg. Communicated by Sir Joseph Banks, Bart. P. R. S. 


£374 3 


Read March 27, 1794- 


N + 3 
4 
oth 


Thermometer. 


In the House. 


— 


Low. 


Mean.|High. 


Nov. 
2 


Morn. 


Morn. 


Aftern. 


Morn. 


Aftern. 


Morn. 


*[Aftern.| 

Morn. 
Aftern. 
Morn. | 
| Aftern. 


Aftern. 


July 5 to 18 


2 43. 


Mr. BarxER's Register, &c. 175 


The winter was in general an open one; about a week's 
frost at the beginning of the year, the rains less than they had 
been, yet at times enough to keep it very dirty. The latter 
end of January, and the month of February were mild and 
fine, and the birds singing, but it was windy at times, and 
more so in March, which was a very uncertain month, being 
alternately windy, fine, wet, and at the end frosty ; and the 
first of April there came a great snow, the only considerable 
one this winter, and was followed by floods for several days 
together, and a very backening season. This great snow and 
wet coming after a good deal of the spring corn was sown, 

| was a damage to the crops; and the three following months 
being very dry, and just in the long days, the ground cracked 
and burnt very much, and many of the spring crops were very 
small, both for hay, Straw, and corn; the wheat crop was the 


best, and that was pretty good. 
The former part of the summer was cool, and sometimes 


cold, frequent frosty mornings, even into June; but — 


was hot and burning, and the fortnight from July 3 to 18 was 
uncommonly so; nine days out of twelve the thermometer 
was up to or above 80, and one day it was 89; this I think I 
never knew before, either for height or continuance, unless it 
was $0 in that hottest of summers 1750. This hot dry time 


| hindered the SOWINg or coming up of turnips, which were late 


and dear this year. The hay, except on some moist meadows, 
was very light, but well gotten, as was also all the grain, but 
very dear, especially the spring corn. 

This summer was complained of as tins but it was 80 only 
the three months May, June, and July ; there was only the 
quantity of one month's rain in those three months, and that 
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being just in the long days, in the high strong sun, and when 
all the crops should be in their greatest growth, they were 
much hurt by it, and perhaps the more so for having been be- 
fore oversoaked with snow and wet. The latter part of the 
summer was very fine, rain enough to make the grass grow, 
and fine enough to get the crops in well; great eddishes, and 
more grass than there had been in any part of the summer be- 
fore. And when in September and November there came two 
wet months, the cracks and dryness of the ground underneath 
carried it all clear off. 'The autumn also was remarkably fine, 
calm, mild, and almost without frost, so that the grass conti- 
nued green till Christmas, which was very useful to the 


farmers, as it saved their fodder very much, which was > Very 


( 


XIV. Observations on some Egyptian Mummies opened in Lon- 
don. By John Frederick Blumenbach, M. D. F. R. S. Ad- 
 drezsed to Sir Joseph Banks, Bart. P. R. S. 


Read April 10, 179 


Auone the many instances of kindness I have experienced 


during my late abode in London, of which the recollection can 


never be obliterated from my memory, I reckon and acknow- 
ledge with gratitude, the uncommon, and to me very interest- 
ing, opportunities that were afforded me, to * and examine 
several Egyptian mummies. 
A few days after my arrival, I found in the library of my 
| honoured friend Dr. GaRTsgonxE, F. R. S. among other Egyp- 
tian antiquities, a small mummy, not above one foot in length, 
of the usual form of a swathed puppet, wrapped up in cotton 


bandages, painted and gilt in its front part, and inserted in a 


small sarcophagus of sy camore wood, in which it fitted exactly. 
Having expressed a wish to know the contents of this figure, 
the Doctor was kindly pleased to permit the opening of it; 
which accordingly took place on the 2 ist of January, 1792, at 
his house, in the presence of the President and several mem 
bers of the Royal Society, and other men of letters. 
The mummy itself measured 94 inches in length, and 8 
inches in circumference at the breast, where it was of the 
greatest thickness. DP 7 w 
_  MDCCXCIV. Aa 
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The mask, exhibiting human features, was of a gypseous 
plaster, which here and there Shewed s some signs of having 
once been gilt. 


Of the semicircular breast-plate, only some fragments were 
Still extant. | 
Ĩ) he lower part of the front covering was, as is frequently 
observed on large mummies, in a manner dissected in regular 
| compartments ; and on it were painted the two standing fi- 
gures that so often appear on the integuments of mummies, 
viz. on the right side, Anubis with the dog's head, and on the 
left, Osiris with the head of a sparrow-haw x. 5 
The mummy itself was opened at the side. The outwank 
integuments were glued so fast upon each other that it was 
found necessary to use a saw: the inner ones were less adhe- 
sive. I counted in the whole above 20 circumvolutions of these 
cotton bandages. e 
Within these was found, as a kind of nucleus, a bundle, - 
about 8 inches long, and full 2 inches i in circumference, of the 
integuments of a larger mummy, strongly impregnated with a 
resi nous substance, which rendered it hard and compact, and 
which appeared on the edge to have been shaped into this ob- 
long form by the paring of a knife. Pieces of this mass having 
been put on a heated poker, emitted a smell perfectly similar 
to that of fir-rosin, or the drug called wild incense from ant- 
hills: 
| The sarcophagus consisted of six a square boards of 59 ; 
camore, fastened together with iron nails. — 
Soon after, I found in the collection of Dr. LETTSOM;, F.R. 8. | 
another similar mummy, which, outwardly, perfectly resembled 
the above, was likewise contained in a sarcophagus, and differed 
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only in the dimensions, this being 144 inches long, and 114 in 
circumference at the breast. 

The proprietor was like wise kind enough to suffer me to 
open it, which I did at his house on the agth of January. 

But much as it resembled Dr. GaxTuSsHhoRESs mummy ex- 
ternally, it was found very different as to its contents, there 
being in it a great number of detached bones of the skeleton 
of an Ibis, which were only here and there indued with rosin. 
This striking difference, no doubt, rather excited than satis- 
fied my curiosity - and having hereupon found in the British 
Museum no less than three such diminutive mummies, which 
were now to me become enigmatical, (viz. two in the Ha- 
MILTONIAN collection of antiquities, both contained in the 
same kind of square wooden coffins, clinched with iron nails, 
and the third in the SloAx IAN collection), I felt an irresistible 
impulse to apply to the President of the Royal Society, as one 
of the curators of the Museum, for his interference towards 
obtaining permission to open one of these three, in order to 
have an opportunity for some further comparison. 

The result of this application was, that at the very next 
meeting of the curators leave was granted me, in the fnost li- 
beral manner, not only to open one of these little mummies, 
but also to choose among the four large ones that are in that 
noble repository, the one that should appear to me the most 
likely to afford some material information on the subject. 

I chose among the small ones the SloANLAN, as it seemed 
to me to differ more than the two in the HAMILTONIAN col- 
lection, from either that of Dr. GaRTHSMORE or Dr. LET T· 
sou. The four large mummies resembled in the main the one 
deposited in the academical museum of Gottingen, which J 

A a 2 
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examined in the summer of the year 1781. I selected, how- 
ever, the one that appeared to differ most from the others, 
and from ours, by the very close adhesion of the bandages, 
from which I had reason to expect some difference in the inte- 
_ rior preparation of it. 
The 18th February was appointed for the opening of these 
two mummies at the Museum, in the presence of a numerous 
and respectable meeting. 
Tube small mummy was externally very similar to chose I 

had opened before, except that it was only 115; inches in 
length, and 8; inches round the breast, somewhat more com- 
pact in the handling, and, YN ran to its size, rather 
heavier. | 
| On sawing it open, a resinous s smell was my emit- 
ted, and glutinous particles of rosin adhered to the heated saw. 
This was owing to the cotton bandages having been from 
without impregnated with rosin, which was not the case with 
the two former ones. 
On opening it complends, we found in the inside a human 
os bumeri, being part of the mummy of a young person, per- 
haps eight years old, who had been embalmed with rosin; and 
with it were also found some shreds of the original integu- 
ments like wise impregnated with rosin. The upper end (ca- 
put) of the bone was inserted in the head, and the lower ex- 
tremity was at the feet of the little figure. 

Although when viewed externally.- nothing appeared suspi- 


-- cious in this little mummy, I found, however, on examining 


carefully the successive integuments, that the outward ones had 
some traces of our common lint paper, with which it seemed to 
bave been restored, and afterwards painted over. 
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The large mummy I was permitted to examine, appeared 
by its stature to be that of a young person, not above 14 years 
old, but who had not, it seemed, as yet shed all his teeth. Its 
outward painted integuments were very similar to those of the 

Gottingen mummy, as it is figured in the IVth. Vol. of the 
Commentationes Societatis Scientiarum. The bandages about the 
head were in a manner caked together by means of rosin. The 
skull was inclosed in a kind of cast of the same substance, which 
could with difficulty be removed from it. It seemed also, to 
judge by its weight, to be filled with rosin, which particularly 
appeared in the cavity between the palate and the lower jaw. 
The rosin here having been gradually punched out, not the 
least appearance of a tongue was discernible; though some 
have asserted to have found traces of it in mummies; nor was 
any thing like the little golden plate (the supposed naulus) to 
be here met with. There were no remains whatever of the soft 
fleshy parts, of skin, tendons, &c.; in short, nothing was 
found but mere naked bones. 

The marillæ were sensibly prominent, but by r no means so 
much as in a true Guinea face; and not more so than is often 
Seen on handsome negroes, and not Seldom « on European coun- 

 tenances. | 

What appeared to me very remarkable, and has, as far as I 

can learn, never yet been noticed, is two exterior artificial ears, 

made of cotton cloth and rosin, and applied one on each side 

of the head. That on the right side was prominent; but the 

other seemed to have been shoved from its proper place; it 
_was compressed, and much disfigured. 

The cotton bandages on the remainder of the body were loose, 

not glued together, and readily yielded to the pressure of the 

hand. 


_ 
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The great cavity of the trunk was filled with bundled rags, 
and dark brown vegetable mould, in which, however, some 
pieces of rosin were here and there discovered. But the in- 
side of the thoracic cavity on both sides of the spine, and the 
inner surface of the 0554 ilium, were covered with a thick coat 
of rosin. 

No idol, or any artificial symbol whatever, was found in the 5 
inside of this mummy. Nor did it contain any thing like an 
Onion, such as have been now and then found about the parts 
of generation, or under one of the foot-soles of mummies. 
The bones of the arms lay along the side of the body, in the 


same manner as those of the Gottingen mummy, and the one 


at Leipzig, described by KETTNER.. Whereas in the mummy 
at Gotha, described by HrrTzZ66, the two at Breslau, that 
were examined by Gryenivs, another at Copenhagen, that 
was dissected by BRriinxicn, and a fifth which belonged to 
the Royal Society, and has been described by Dr. HAblEx in 
the Philosophical Transactions, the arms were found lying 
across over the breast. 15 15 5 
On some of the bones of the arms, for instance on the left 
os bumeri, was found some glutinous rosin, which on being 
touched stained the fingers of a dusky red greasy colour, and 
had a strong empyreumatic alkaline taste. In the remainder 
of the body, the dry rosin was almost entirely covered or im- 
pregnated with a saline crust, by which the thoracic vertebræ 
in particular were much corroded, and which had entirely 
Stripped the intermediate corpora vertebrarum of their perios- 
teum. . 2 
Circumstances did not allow me to make any experiments 
on this salt; but I have since obtained from my worthy friend 
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Joun Hawkins, Esq. F. R. S. some considerable pieces of 
mummies which he had bought of a druggist at Constantin- 
ople, one of which was covered and impregnated with a sa- 
line incrustation, which in taste and appearance was very si- 
milar to that I have just now mentioned. Of this I dissolved 
a part in water, filtered and evaporated the solution, and thus 
obtained a true sada, or mineral alkali (natrum), which shot 
into very neat and regular crystals. (See Tab. XVI. fig. 4.) 
For the sake of comparison, I examined another large 
mummy in the Museum, which had already been opened in 
several places. This was of a full grown person, and measured 
| 5 feet 5 inches in length. Like the former, it shewed not the 
least trace of any of the an parts, but consisted of f nothing but 
naked bones. 
Except a little rosin which auck fast between the teeth, 7 

this mummy, as far as its inside could be examined, contained : 
none of that substance; its thoracic and abdominal cavities 

being entirely filled with a dark brown mould, which also oc- 
cupied the whole space between the palate and the lower jaw, 
where it could easily be loosened and drawn out with the 

fingers. | 
Ihe mazille of this mummy were still less prominent than 
those of the former one. 

" Some weeks after, viz. the 17th Mk. 1 had an opportu- 
nity to examine one more mummy at the Honourable CHARLES 
' GREviLLE's, F. R. S. which had four years before, viz. March 
29, 1788, been already opened in the presence of several cu- 
rious spectators. It belonged to Johx SyMMoxs, Esq. of Gros- 
venor house, Westminster, who with the most obliging readi- 
ness allowed me unconditionally, not only to dissect it as 
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much more as ; I Should think proper, but als to . and 
take away whatever parts of it I should think worthy of a 
particular investigation. 
It was a mummy of a child about six years es olſuhich! as to its 
preparation, (viz. without rosin, and without the least remain- 
ing trace of any of the soft parts), and the painted semicircu- 
lar breast-plate, consistin g of several folds of cotton cloth glued 
upon each other, was very similar to those at the British Mu- 
seum, and the one at Gottin gen, except that the characters 
upon that part of the cotton integument which covered the 
shanks, resembled rather more the figures of the one delineated 
by Count CAvLus, in his Recueil Sc. Vol. V. Tab. *. 
EE 
Nothing remained of the head but some pieces of the bones 
of the face, a few teeth, and the mask, which still adhered to : 
the cotton bandages. 7 
Among the teeth J found the i incisores, which notwithstand- 
ing the tender age of the person had however a very short 
thick crown, considerably worn away at that edge which is 
usually sharp. This, therefore, is a new confirmation of the 
extraordinary phenomenon which I had already noticed in a 
complete skull, and some fragments of jaws, in my own collec- 
tion,“ and which had also been observed by MiDDLEToON in 
the Cambridge mummy, T and by BxiicxMann in the one that 
is at Cassel. STorR has also seen something similar in a 
mummy that i is precerved at Stuttgard. 8 
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* Decas Craniorum, I. Tab. I. 
— + MippLETon's Miscellaneous Works, Vol. IV. p. 170, 
t Brxuckmann's Account of this Mummy. Brunswick, 1782, 4to. 
$ STorR, Prodromus Metbodi Mammalium. Tubing. 1780, 4to. p. 24. 
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iu we reflect during how many centuries, and through what 

a z variety of revolutions, the Egyptians have used the practice 

of mummifying their dead bodies, it will naturally occur that 
we are not to expect in all mummies a similar characteristic 

formation of the teeth, any more than we are to look for a 

similar characteristic national form in their productions of art. 

I)uhis peculiar structure of the teeth was not observed in the 

two mummies I examined i in the British Museum, neither does 

it exist in our Gottingen mummy. A detached skull of a 

mummy in the Museum, prepared with rosin, and which bore 
great resemblance to the abovementioned in its general form, 
and especially in the narrowness of the poll, had unfortunately 

the-crowns of the teeth so much mutilated as to afford no 
manner of information concerning this circumstance. 

The above observation however appears, at all events, to be 

well worth attending to, as it may hereafter prove a criterion 

for determining the period at which any given mummy has 
been prepared. 

But what interested me most in Mr. SYMMons's mummy 
was the mash, to the two sides of which pieces of the bandages, 
with which the whole of the exterior integuments had been 
fastened to the corpse, still adhered. The inner part of this 
mask was sycamore wood, its outside being shaped, by means 

of a thick coat of plaster, in bas- relief, into the form of a face, 

the surface of which seemed to have been stained with natural 

colours, which time had now considerably blended and ob- 

scured. Having, however, with Mr. SYMMoNs's leave, taken 

this mask, together with some other very interesting pieces of 

his mummy, with me to Gottingen, I there steeped it in warm 

water, and carefully separated all the parts of it. By this means 
MDCCXCIV. = B b | 
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I discovered the various fraudulent artifices that had been prac- 

tised in the construction of this mask : the wooden part was 

evidently a piece of the front of the sarcophagus of the mummy 

of a young person; and in order to convert its alto-relievo into 

the basso-relievo of the usual cotton mask of a mummy, 
 plaster had been applied on each side of the nose; after which 
paper had been ingeniously pasted over the whole face, and 
lastly, this paper had been stained with the colours * 
observed on mummies. 
The small SLOANIAN mummy in the Museum had produbly 
been prepared nearly in the same manner. That the deception 
has in both cases been very industriously executed, appears from 
this, that, as far as I can learn, no one has observed it before, 
although both these pieces have no doubt been often seen, and 
; examined by persons conversant with these matters. 
Some other suspicious circumstances in the mummies 1 
examined in London were more evident. For instance, the 
coffins of sycamore wood fastened together with iron nails, in 
which the small mummies of Dr. GaRTHSHORE, Dr. LETTSOM, 
and Sir W. HamiLTon, were contained, had most probably 
been recently constructed of pieces of decayed sarcophagi of 
ancient mummies. The little SLoAIA X mummy even lay 
in a box in the form of a sarcophagus, which was made of a 
dark-brown hard wood, totally different from the $ycamore, 
and manifestly of modern construction. 

How many other artificial restorations and deceptions may 
have been practised in the several mummies which have been 
brought into Europe, which have never been suspected, and 
may perhaps never be detected, may well be admitted, when 

we consider how imperfect we are as yet in our knowledge of 
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this EY of Egyptian archeology, which, as a specific pro- 
blem, few have hitherto treated with the critical acumen it 
Seems to deserve. 
All the knowledge we have concerning the manner of pre- 
paring mummies is derived from two sources, viz. (a) the exa- | 
mination of the mummies themselves; and (b) two classical 
passages in HEroDoTUs and Diopokvs Sicurus; STRABO 
and other ancient authors having mentioned mummies only 
incidentally, and in very few words. 

But unfortunately these two classical passages do not in che 
least agree with the state of the mummies brought into Europe, 
which are in general of two sorts, viz. (a) the hard compact 

ones, wholly indued with rosin, which hence can be knocked 
into pieces; (b) the soft ones, which yield to the pressure of 
the hand, and are prepared with very little rosin, and often 
none at all, whose loose bandages may be wound off, and which 
contain in their cavities scarce any thing but a vegetable 
mould, and particularly no idol whatever as far as I have been 
able to learn. oy 
The front part o the latter is usually covered with a 
painted, and, at times, gilt mask of cotton cloth ; and as they 
appear more variegated than the former, and have no rosin in 
them yielding drugs for traffic, they are brought in much 
greater numbers, and may be seen in many collections in 
Europe in a more perfect state than the former, though often 
rendered so by restoration. The former, on the contrary, have 
for this very reason remained most of them in the hands of 
druggists. . 
Of this, viz. the former sort, were the two in the dispensary 


of CRusius at Breslau, which Gr yeaivs described in the year 
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1662, and particularly the very valuable body of a mummy 
which was opened by the apothecary HzrTzo06, at Gotha, in 
1715, and in which more idols, beetles, frogs (as symbols of 
fertility), nilometers, &c. were found, than was ever, to the 
best of my knowledge, known to Rave: been contained in my 
other mummy whatever. | 

But HEeropoTvus, that very inquisibive * credulous historian 
(as one of the most learned and judicious antiquaries in Eng- 
land has named him), does not so much as mention either of 
these sorts of mummies ; nor does he Speak of the rosin, or 
painted masks, although he expressly describes such painted 
integuments on the Ethiopian mummies. 
Dioponus is equally silent as to the rosin, and the painted 
covering; whilst on the other hand he advances some very 
strange assertions, such as that the skill of the embalmers ex- 
tended so far as perfectly to preserve the lineaments of thge 
face, although the faces of mummies of both sorts be gene- 
rally covered with cotton cloth to the thickness of nearly a 
man's hand.“ . 

These authors, although as have both been in "RI had 
probably their intelligence merely from hearsay ; for, on the 
other hand, it would no doubt be too paradoxical to assert, 
that all the mummies we are now acquainted with have been 
made since the days of Dioponus, and that none of those 
described by him and by HERODOrus should have reached 
our time. Count CAxLus rather conjectures, that no mum 
mies were made since the conquest of Egypt by the Romans 
(about the time of Diopokus); but in this he is manitestly 
mistaken, since we learn from St. AUGusTiN that so low down 


* This had already been noticed by MippLeToN, I. c. 
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as his own times (viz. in the first half of the fifth century) 
mummies were certainly made in Egypt.* But that among 
the mummies that now exist, especially the hard ones, which 
are entirely done over with rosin, there cannot but be many of 
a a much greater antiquity, will, among other proofs, appear 
particularly from the style of workmanship of several of the 
little idols contained in them. 

At least it may be admitted, without much hesitation, that 
the mummies we now possess, which differ so much in their 
preparation and characteristic structure, are at it leant of a period 
including one thousand years. 

But it were much to be wished that we might have certain 
criteria, to determine with some accuracy the precise age of any 
particular mutamy that may happen to fall into our hands. 
Before, however, we can expect to obtain this object, the two 5 
following pia desideria must first be accomplished, VIZ. 

(A) A more accurate determination of the various, 80 Strik- 
ingly different, and yet as strikingly characteristic national con- 
figurations in the monuments of the Egyptian arts, together 
with a determination of the periods in which those monu- 
ments were produced, and the causes of their remarkable 
differences. 5 . 

(B) A very careful technical examination of the charac- 
teristic forms of the several sulls of mummies we have hitherto 
met with, together with an accurate comparison of those Skulls 

with the monuments abovementioned. 

This, at least, I consider as the surest method of solving the 
problem ; being persuaded that, especially after what has just 
now been said of the fraudulent restorations, it can hardly be 


* AyGusT. Serm. 361, (Oper. T. V. p. 981.) 
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expected that we should be able to draw any just inferences 
from the mere style, and the contents of the painted integu- 
ments of the mummies we may have opportunities to examine. 
Still less can we infer aught from the sculpture or paintings 
on the sarcophagi, as to the contents of the mummies sent us 
into Europe; MAiLLET having about sixty or seventy years 
ago detected the fraud of the Arabs, who he says are in the 
practice of breaking i in pieces the mummies contained in the 
catacombs in the more ornamented sarcophagi, for the sake of 
the idols they expect to find in them, of replacing them with 
tolerably preserved common painted mummies (such as I have 
called soft), and thus offering them for sale. 


The osteological properties which I have had opportunities | 
to observe in the skulls of mummies, are most of them men- 
tioned in the description of my collection of the skulls of diffe- 
rent nations above quoted; and will, I hope, prove useful to 
others for further comparisons. : 
As to the different national —— of the ancient 
Egyptians, I shall here advert only to what, in my physiolo- 
gical study of the varieties in the human species, I have de- 
duced from my comparisons of these skulls with the artificial 
monuments found in Egypt. For I am wholly at a loss to 
conceive how learned writers, not only of the stamp of the 
author of the Recherches sur les Egyptiens ;* but even profes- 
sional antiquaries, such as WINKEL MANN,+ and the author of 
the Recherches sur ! Origine des Arts de la Grece ] could ascribe 
to the artificial monuments found in Egypt one common cha- 


T. 1. p. 237- 


+ Inhis deseription des Pierres gravees de Stosch. p. 10, and in other works of his. 
2 T. I. p. 300. 
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racter of national physiognomy, and define the same in a few 
lines in the most decided and peremptory manner. 

It appears to me that we must adopt at least tbree principal 
varieties in the national physiognomy of the ancient Egyp- 
tians; which, like all the varieties in the human species, are 
no doubt often blended together, so as to produce various 
shades, but from which the true, if I may so call it, ideal ar- 
chetype may however be distinguished, by unequivocal pro- 
perties, to which the endless smaller deviations in individuals 
may, without any forced construction, be ultimately reduced. 

These appear to me to be, 1. the Ethiopian cast; 2. the 
one approaching to the Hindoo; and, 3. the mixed, n 
in a manner of both the former. 
I) he first is chiefly distinguished by the prominent mazille, | 
turgid lips, broad flat nose, and protruding eye-balls, such as 

| Votney finds the Copts at present;* such, according to his 
description, and the best figures given by Nope, is the 
countenance of the Sphinx; such were, according to the well- 
known passage in HEroDoTUs on the origin of the Colchians, 
even the Egyptians of his time; and thus hath LuciAx likewise - 

represented a young Egyptian at Rome. (See Tab. XVI. fig. 1.) 
The second, or the Hindoo cast, differs toto cœlo from the 

above, as we may convince ourselves by the inspection of other 
Egyptian monuments. It is characterized by a long slender 
nose, long and thin eyelids, which run upwards from the top 
of the nose towards the e © ears placed high on the head,. 


. Both in his Voyage en Syrie, &. T. I. p. 743 and the Ruines, ou Meditations: | 
gur les Revolutions, p. 336. | | 
+ Navigium s. Vota, c. 2. (Oper. T. ILL. p. 248.) 
1 The author of the Recherches sur les Egyptiens is pleased to consider this as a . 
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a short * very thin bodily structure,“ and very long shanks. 
As an ideal of this form, I shall only adduce the painted female 
figure upon the back of the sarcophagus of Capt. LETHIEULLIER's 
mummy in the British Museum, which has been engraved by 
VxRTVUE, and which most strikingly agrees with the unequi- 
vocal national form of the Hindoos, which, especially in Eng- 
land, is so often to be seen upon Indian paintings. (See fig. 2.) 
The third sort of Egyptian configuration is not similar to 
either of the preceding ones, but seems to partake something 
of both, which must have been owing to the modifications pro- 
duced by local circumstances in a foreign climate. This is 
characterized by a peculiar turgid habit, flabby cheeks, a Short 
chin, large prominent eyes, and rather a plump make in the 
person. This, as may naturally be expected, is the structure 
most frequently to be met with. (See fig. g.) 
I thought this little digression the less intrusive, as it appears 
to me that it may on the one hand prove useful, not only to- 
- wards illustrating the history of the origin and descent of the 
nations that were transplanted into Egypt, and have acquired 
the general denomination of Egyptians, but also for the de- 
termination of the different periods of the style of the arts of the 
ancient Egyptians, concerning which we have as yet very im- 
perfect ideas; whilst, on the other hand, it might lead to much 
accuratg information as to matter of fact, many very eminent 
authors having given the most incongruous representations of 
the Egyptian national character, such as WINKELMANN for 


mere defect in the drawing ; no doubt an excellent expedient this, to get rid of dit 
culties in the investigation of national varieties, 
+ Compare with this AxR1Ax's representation of the Indians, Rer. Indicar. L. p. 542. 
+ Compare AenIILILISs Srarius Erotic. L. iii. p. 177. 
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instance, who produced a wretched figure of a 1 mask, 
without any character whatever, engraved in BEokR'Ss Thesaur. 
Brandenb. T. III. p. 402, as one of the most characteristic repre- 
sentations of the form of the ancient Egyptians ; and who, as 
well as several others, will have this form to be similar to that 
of the Chinese; an assertion which, after having had oppor- 
tunities to compare twenty-one living Chinese at Amsterdam, 
and having since seen in London abundance of ancient Egyp- 
tian monuments, especially in the British Museum, and the 
collections of Mr. TowNLEV, Mr. Kxichr, and the Marquis 
of LanDsDown, has ever appeared to me incomprehensible. 

Adopting, as I think it conformable to nature, five races of 

the human species, viz. 1. the Caucasian; 2. the Mongolian; 

3. the Malay; 4. the Ethiopian; 5. the American; I think 
the Egyptians will find their place between the Caucasian and 

the Ethiopian, but that they differ from none more than from 

the Mongolian, to which the Chinese belong. 

Thus far concerning the bodies of the Egyptians e 
into mummies. I shall conclude with some observations on the 
probable meaning and destination of the diminutive mummies, 

which have given rise to the present inquiry. 

They certainly are not what they have long, I believe, uni- 

versally been taken for,“ namely, mummies of small children 

and embryos. Some of them are the real mummies of Ibises, 
such as the one of Dr. LET TSO, and one of the two in the 

HAMILTONIAN collection, in the British Museum, which had 

by decay been so far laid open as to allow me plainly to distin- 
guish in it the bill of an Ibis, and other bones of a bird. 

See, for example, M. Tyr. Brunnicn's Dyrenes Historie 0g Dyre-Samlingen, FR 

udi Universitetets Natur-Theater. T. I. p. 2. 0 

7 Cc 
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These sacred birds, it is well known, were usually, after hav- 
ing been swathed round with cotton bandages, placed in 
earthen urns, and deposited in the catacombs appropriated to 

the Ibises. Sometimes, without being stuck into an urn, they 
were prepared in the form of a puppet, yet so that the head and 
bill projected at the top; one of this sort has been figured by 
Count CayLus. And thirdly, the whole bird was frequently 
wrapped up in this puppet form, and dressed in a mask, like 
one of the human species. 

But as the two others, viz. Dr. GarTaSHORE's and the 
| SLOANIAN, were externally perfectly similar to the above- 
mentioned, I am led to conjecture (for in the total want of 
information from the ancients concerning these small mum- 
mies, we must however fix upon some conjecture), that the 
manufacturers of mummies, who made them for sale, in order 
to save themselves the trouble of preparing a bird, took a bone, 
or other solid part of a decayed mummy, or indeed any thing 
that was nearest at hand, dressed it up as the n of an 
Ibis, and tendered it for sale. ä 

Whoever recollects what a despicable set the Egyptian 
priests were, even in the time of STRABo, and how the whole 
religious worship of the Egyptians was then already fallen into 
decay, will not think this conjecture too gratuituus, or void of 
probability. x 
Or shall we rather consider these puppets as che memento 

mori which it is well known the Egyptians were wont to in- 

troduce at table in their meals and festivals. HERODOTus 
says, that little wooden images were usually carried about for 
this purpose, and I do actually recollect having seen such 
small wooden representations of mummies in the British Mu- 
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seum. LUCIAN also relates, as an eye witness, that in his time 
the dead bodies themselves were introduced at table. It is 
easy to conceive how, during the long interval of near 700 
years, before the transition took place from the first simple 
idea to this disgusting practice, such little mummies may at 
some period or other have formed the intermediate step. 
The author of the Recherches sur les Egyptiens seems un- 
willing to admit that real mummies had ever been introduced 
at table: but his scepticism appears to me to be no better 
founded than the contrary assertion of one of the most eminent 
physicians of the last century, CAsp. Horruaxx, who in his 
once classical work de Medicamentis Officinalibus, in the section 
of the Egyptian mummies, gravely relates, that in Lower 
Saxony no feast was ever given without the introduction of a 
mummy.“ And strange as this qui pro quo between an Egyp- 
tian corpse and a particular kind of Brunswick strong beer 
must appear, it is however a fact, that several more modern 


writers upon mummies have actually copied it out into their 
works with implicit confidence. 


P. "Tg % A Saxonibus audivi, al apud ipsos convivium transigi posse, sine 
« mummei, uti appellant. Ita olim sine lasere, et hodie Indi sine asa fœtida nihil co- 
* medunt. Hinc, qui in Egyptum eunt afferre secum solent talia cadavera.” 
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XV. Observations on Vision. By David Hosack, M. D. Com- 
municated by George Pearson, M. D. F. R. S. 


Read * 1, 1794. 


j 
By what power is the eye enabled to view objects distinctly 


at different distances? As the pupil is enlarged or diminished 


certain degree to the distance of the object, it would readily 


occur that these different changes of the pupil would account 
for the phænomena in question. Accordingly anatomists and 
philosophers, who have written upon this subject, have gene- | 
rally had recourse to this explanation. 


Amusing myself with these changes of the pupil, as a matter 


of curiosity, by presenting to the eye different objects at dit- 


ferent distances, I soon perceived that its contraction and 


dilatation were irregular and more limited than had been sup- 
posed ; i. e. that approaching the object nearer the eye, within 
a certain distance, the pupil not only ceased to contract, but 
became again dilated ; and that beyond a few yards distance, 


it also ceased to dilate : these circumstances immediately oc- | 


curred as objections to the above explanation; for were it 


from the contraction and dilatation of the iris alone that we 


see objects at different distances, I naturally concluded it 
should operate regularly to produce its effects; but if to view 


an object at a few yards distance it be enlarged to the utmost 
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extent, surely it must of itself be insufficient to view one at 
the distance of several miles; for example, the heavenly 
bodies. 5 5 
Another difficulty here presents itself: in viewing the sun, 
instead of dilating, according to the distance, it contracts, 
obeying rather the quantity or intensity of che light, than the 
distance of the object. Knowing no other obvious power in 
the eye itself of adapting it to the different distances of objects, 
it occurred to me to inquire, whether the combined action of 
the external muscles could not have this effect. I first pro- 


posed this query to an optician of eminence in London, and 


who has written expressly on this subject. I repeated the 
same question to a celebrated teacher of anatomy. Encou- 
raged by their replies, I have since attended more particularly 
to the subject, and hope my inquiries have not been altogether 
unsuccessful. As introductory to a more distinct view of 
what I have to advance, it appears necessary to premise the 
following observations, relative to those general laws of vision 
which are more particularly connected with this part of the 
subject, and to which we shall have occasion of frequent 
reference. ; 
ist. Let A BC, ( Fab. XVII. fig. 1.) be an objec: t placed before 
the double convex lens D E, at any distance greater than the 
radius of the sphere whereof the lens is a segment; the rays 
which issue from the different points of the object, and fall 
upon the lens, will be so bent by the refractive power of the 
glass as to be made to convene at as many other points behind 
the lens, and at the place of their concourse they will form 
an image or picture of the object. The distance of the image 
behind the glass varies in proportion to the distance of the 
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object before the glass; the image approaching as the object 
recedes, and receding as that approaches. For if we sup pose, 
(fig. 2.), A and B two radiating points, from which the rayͤs 
AC, AD, and B C, B D, fall upon the lens C D, it is manifest 

_ that the rays from the nearest point A diverge more than 
those from the more distant point B, the angle at A being 


greater than that of B; * consequently the rays from A, whose 


direction is A E and AF when they pass through the glass, 
must convene at some point (as G) more distant from the 
lens than the point H, where the less diverging rays B K and 
B L from the point B are made to convene ; which may also 
be proved by experiment with the common convex glass. 
It will be necessary to have this proposition in view, as we 
shall afterwards have occasion to use it in shewing, that by 
varying the distance between the retina and the anterior part 
of the eye we are enabled to see objects at different distances. 
2d. If an object, as A B, (fig. g.) be placed at a proper dis- 
tance before the eye (E), the rays which fall from the several 
points of the object falling upon the cornea pass through the 
pupil, and will be brought together by the refractive power of 
the different parts of the eye on as many corresponding points 
of the retina, and there paint the image of the object, in the 
same manner as the images of objects placed before a convex 
lens are painted upon the spectrum, placed at a proper distance 
behind it; thus the rays which flow from the point A are 
united on the retina at C, and those which proceed from B 
are collected at D, and the rays from all the intermediate 
points are convened at as many intermediate points vi the 
* EucLipd, Book I. Prop. 21. 
+ See Kr LEA Diopt. Postul. SmrTHa's Optics, GaavesanDe, &c. 


retina ; on this union of the rays at the retina depends distinct 
vision. But supposing the eye of a given form, should the 
point of union lie beyond the retina, as must be the case with 
those from the less distant object, agreeable to the preceding 
proposition; or should they be united before they arrive at 
the retina, as from the more distant object, it is evident that 
the picture at the retina must be extremely confused. Now 
as the rays which fall upon the eye from radiating points at 
different distances have different degrees of divergence, and 
the divergence of the rays increasing as the distance of the 
radiating point lessens, and, vice versa, lessening as that in- 
creases; again, as those rays which have greater degrees of 
divergence, viz. from the nearer objects, require a stronger 
refractive power to bring them together at a given distance 
than what 18 necessary to make those meet which diverge 
less, it is manifest, that to see objects distinctly at different 
distances, either the refractive power of the eye must be in- 
creased or diminished, or the distance between the iris and 
retina be varied, corresponding with the different distances 
of the objects; both of which probably take 3 as will 
hereafter appear.“ 
HFaving then established 8 as our premises, we shall : 
next examine the different principles which have been em- 

ployed for explaining vision at different distances. 


„ Facile enim intelligitur, quo longius radii adveniunt, eo magis esse parallelos ; 
« eo minus ergo differre ab axi, et eo minoribus viribus cornez et lentis crystallinz in 
% focum cogi. Ut enim corpus magis distat, ita sub minori angulo radi adveniunt, 
« Contra si corpus conspicuum valde vicinum fuerit, radiorum ab eo advenientium an- 
« gulus est major, et adeo magis divergentes in oculum incidunt, et viribus egent refrin- 
« gentibus majoribus omnibus densioribus.” —HAaLiLlszr. Elem, Phys. lib. xvi. 
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Most writers upon this subject refer this power of the eye 
to the contraction and dilatation of the 1 iris. Within certain 
limits this would, upon first examination, as already observed, 
appear to be the case, since the pupil enlarges as the object is 
further removed from the eye, and again contracts as it is 

brought near. The extent of this principle I have already 
pointed out; but I suspect we also err in attributing to the 
difference of distance what are only effects of different quanti- 
ties of light, a circumstance in which it is the more easy to 
commit error as they are generally proportionate one to the 
other; i. e. as the object is near we require a less degree of 
light, and to exclude what is superfluous the iris contracts; 
but as it is more distant, a greater quantity of light becomes 
necessary, and the iris dilates: thus far we see the use of the 
enlargement or diminution of the pupil, as the object is more 
or less distant. But distinct vision does not consist in the 
quantity of light alone, though too much or too little would 
obscure the image. 

It is also necessary that the rays which flow * the ob- 
ject should fall upon the retina in a certain direction, to form 
a distinct picture; but surely the greater or less quantity of - 
light, the greater or less number of rays, which it is only the 
property of the iris to diminish or increase, cannot alter the 
direction. 5 1 

But there is still another argument to prove, chat the con- 
traction or enlargement of the pupil is not of itself sufficient 
to produce distinct vision at different distances, viz. that the 
myopes, whose pupil contracts and dilates as in other eyes, 
are still unable to adapt the eye to different distances; and the 

means by which this is remedied certainly does not consist in 
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A larger or smaller aperture for the rays to pass through, but a 
power of altering their direction, which the change in the 
shape of the eye had rendered too convergent. The same 
fact is also observable in those who squint; the pupil in both 
eyes equally contracts and dilates, but still the vision of one 
eye is less perfect than the other. Another principle upon 
which it has been attempted to explain this power of the eye, 


is a supposed change in the convexity of the crystalline lens; 


the ancients had some obscure notion of it, but it has been 


7 lately pursued by Mr. Tuomas YouNs, in a paper published 


in the Philosophical Transactions of London for 179g. He 


has endeavoured to demonstrate the existence of muscles in 
the crystalline lens, and by their action to account for distinct 
vision at different distances. This opinion deserves here the 


more particular examination, having met the attention of the 
Royal Society, and thereby likely to influence the ym 
opinion upon this subject. 


That we may not mistake the meaning of the author, 1 beg 
leave to premise his dereription of the structure of the lens. 


The crystalline lens of the ox,” he observes, is an orbicular 


* convex transparent body, composed of a considerable number 


of similar coats, of which the exterior closely adhere to the 
interior; each of these coats consists of six muscles, inter- 


« mixed with a gelatinous substance, and attached to six mem 
e branous tendons. Three of these tendons are anterior, 
three posterior; their length is about two-thirds of the 5 
« semidiameter of their coat; their arrangement is that of 


three equal and equidistant rays meeting in the axis of the 

“ crystalline ; one of the anterior is directed towards the 

e outer angle of the eye, and one of the posterior towards the 
MDCCXCIV. "Wo 7 
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on either surface six regular equidistant rays. The muscu- 
lar fibres arise from both sides of each tendon, they diverge 


having passed it, they again converge till they are attached 
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« inner angle; so that the posterior are placed opposite to the 

« middle of the interstices of the anterior, and planes passing 
through each of the six, and through the axis, would mark 


« till they reach the greatest circumference of the coat, and 


respectively to the sides of the nearest tendons of the oppo- 


« Site surface. The exterior or posterior portion of the six, 


viewed together, exhibits the en of three penn i- 
Y formi-radiated muscles. 

In the first place, to say nothing of the transparency of 
muscles, as an argument against their existence, we must un- 
avoidably suppose, as they have membranous tendons, which 


Mr. Youns informs us he distinctly observed, that these 


tendons cannot possess the same degree of transparency and 


density with the bellies of these muscles; that is, they must 


possess some degree of opacity, or certainly he could not have 
pointed out their membranous structure, nor even the tendon 


itself, as distinct from the body of the muscle; and if they 


have not the same density, from their situation, and being of 
a penniform shape, must there not be some irregularity from 


the difference in the refraction of those rays which pass 


through the bellies of those muscles, and those again which 


pass through their membranous tendons? This structure then, 
of consequence, cannot be well adapted for a body whose re- 


gular shape and transparency are of so much consequence. 
Again, Mr. Youxs describes six muscles in each layer; 


but LEEUwWENXHOEk, whose authority he admits as accurate, 


relative to the muscularity of the lens, is certainly more to be 
attended to in his observation of bodies less minute, Viz. as to 
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5 20g 
the layers themselves, in which these muscles are found, and 
which of course are larger, and more easily observed ; but, 
with his accuracy of observation, he has computed, that there 
are near 2000 laminz ; and according to Mr. Youns, suppos- 
ing each layer to contain six muscles, we have nepessarily, in 
all, 12,000 muscles; the action of which certainly exceeds 
human comprehension. I hope this will not be deemed trifling 
minuteness, as it is a necessary and regular W if 
we admit their existence as described. 
But Secondly, as to the existence of these muscles, 1 
cannot avoid expressing a doubt. With the utmost ac- 
curacy I was capable of, and with the assistance of the best 
glasses, to my disappointment, I cannot bear witness to the 
same circumstances related by Mr. Youxs, but found the 
lens perfectly transparent; at the same time, lest it might be 
attributed to the want of habit in looking e glasses, I 
beg leave to observe, that I have been accustomed to the use 


of them in the examination of the more minute objects of - 


natural history. After failing with the glasses in the natural 
viscid state of the lens, I had recourse to another expedient ; 

I exposed different lenses before the fire to a moderate degree 
of heat, by which they became opaque and dry; in this state 
it is easy to separate the layers described by Mr. Youxs; but | 


although not so numerous as noticed by the accurate Lezuwens - 


nokk, still they were too numerous to suppose each to have 
contained six muscles; for I could have shewn distinctly at 
least fifty layers, without the assistance of a glass, as was 
readily granted by those to whom I exhibited them. 
But a ciraumstance which would seem to prove that these 
D d a 
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layers possess no distinct muscles is, that in this opaque state 
they are not visible, but consist rather of an almost infinite 
number of concentric fibres (if the term be at all appropriate) 
not divided into particular bundles, but similar to as many of 
the finest hairs of equal thickness, arranged in similar order : 
see fig. 4, 5, and 6, where the arrangement of the layers and 
fibres has been painted from the real lens of an ox, and that 
without the assistance of a glass. To observe this fact, any 
person may try the experiment at pleasure, and witness the 
same with the naked eye, even separating many layers and | 
their fibres with the point of a penknife. 

This regular structure of layers, and those consisting of con- 
centric fibres, is unquestionably better adapted for the trans- 
mission of the rays of light, than the irregular structure of 
muscles. It may, perhaps, be urged, that the heat to which 

exposed the lens may have changed its structure: in answer 
| to that I observe, it was moderate in degree, and regularly 
applied ; of consequence we may presume, as it appeared uni- 
formly opaque, that every part was alike acted upon; but by 
boiling the lens, where the heat is, without doubt, regularly 
applied, we observe the same structure. : 

Thirdly, that it is not from any changes of the lens, and 
that this is not the most essential organ in viewing objects at 
different distances, we may also infer from this undeniable 
fact, that we can, in a great degree, do without it; as after 
couching or extraction, by which operations all its parts must 
be destroyed, capsule, ciliary processes, muscles, ckc. 

Mr. Youns asserts, from the authority of Dr. PoxTER- 
FIELD, that patients, after the operation of couching, have not 
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the power of accommodating the eye to the different distances 
of objects; at present, I believe the contrary fact is almost 
universally asserted.* 

Besides, if the other powers of the eye are insufficient to 
compensate for the loss of this dense medium, the lens, a glass 
of the same shape answers the purpose, and which certainly 
does not act by changing its figure. I grant their vision is 
not so perfect; but we have other circumstances upon which 
this can be more easily explained; which will be particularly 


noticed under the next head. It may not be improper also to 
observe, that the specific gravity of the crystalline compared 
with that of the vitreous humour, and of consequence, its den- 
sity and power of refraction, is not so great as has been ge- : 
nerally believed. Dr. BxyYanT Rosinson, by the hydrostatic 
balance, found it to be nearly as 11 to 10. I have also exa- 
mined them with the instrument of Mr. ScuME1ssER, lately 
presented to the Royal Society, and found the same result; of 
consequence the crystalline lens is not so essentially necessary 


for vision as has been represented; especially as it is also pro- 


bable, that upon removing it, the place which it occupied is 
again filled by the vitreous humour, whose power of refraction 


is nearly equal. At the same time we cannot suppose the 
lens an unnecessary organ in the eye, for nature produces 


1 lente ob cataractam extracta vel deposita oculum tamen ad varias distantias 
«« yidere, ut in nobili viro video absque ullo experimento quo eam facultatem recupera- 
4 verit. Etsi enim tunc ob diminutas vires quz radios uniunt, æger lente vitrea opus 


« habet, eadem tamen lens in omni distantia sufficit. HALLER, El. Phys. 

« La lentille cristalline n'est cependant point de premiere necessite pour la vision. 
« Aujourd'hui, dans Poperation de la cataracte on Venleve entierement, et la vision 
« n'en souffre point.” — DR LA MgeTHeRIE Vues Physiologiques. See also Ds 14 
ay HAMBERGER Phynolog. 
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nothing in vain ; but that it is not of that indispensable im- 
portance, writers upon optics have taught us to believe. 
Fourthly, Mr. Youns tells us, he has not yet had an op- 
portunity of examining the human crystalline ; and grants, 
that from the spherical form of it in the fish, such a change as 
he attributes to the lens in quadrupeds cannot take place in 
that class of animals. The lenses which I have examined in 
the manner abovementioned were the human, those of the 
ox, the sheep, the rabbit, and the fish, and in all the same 
lamellated structure is observable; even in the spherical lens 
of the fish these lamellæ are equally distinct, but without the | 
smallest appearance of a muscle. 
From these circumstances I cannot avoid the conclusion, 
that they do not exist; at the same time I am persuaded that 
Mr. Youxs met with appearances which he supposed were 
muscles; but I am satisfied he will readily acknowledge, that 
the examination of the crystalline lens in its viscid glutinous 
state, is not only attended with much difficulty, but that the 
smallest change of circumstances might lead to error; which 
1 apprehend may, probably, have been the case in that 
instance. 
Upon examining it after boiling, or exposing it to a 1 
degree of heat before the fire, when it may be handled with 
freedom, he will readily observe (without a glass) the nume- 
rous lamellæ, and the arrangement of their fibres, \ which 
have described. 3 
Another opinion has been sanctioned by many respectable 
writers, of the effects of the ciliary processes in changing the 
shape and situation of the lens; some supposed it to possess 
the power of changing the figure of the crystalline, rendering 
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it more or less convex ; ;* others, that it removed it nearer to 
the cornea ;+ and others, that it removed it nearer the retina. 

The advocates for these different opinions all agree in at- 
tributing these effects to a — muscularity of the ciliary 
processes. 

Of the structure of tives processes HALLER observes, © In 
* i certe animalium genere processus ciliares absque ulla 
* er sunt fabrica, mere vasculosi vasculis serpentinis 
_ « percursi molli facti membrana.” Which structure, I be- 

lieve, at present is universally admitted. But even supposing 
them muscular, such is their delicacy of structure, their at- 

tachment, and direction, that we cannot possibly conceive 

them adequate to the effects ascribed to them. Beside, what 
we observed of the muscles of the lens itself, also applies to 

the processes, viz. that they may be destroyed, as in couching 

or extraction, and yet the eye be capable of adapting itself to 
the different distances of objects. For a more full refutation. 
of these opinions, see HALLER' 8 ** work. 


| 
1 
[ 
| 
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Tbe Situation, Structu re, and Action of t the external Muscle, $ 


'-- - Wa nd removing the eyelids, with their muscles, we 
are presented with the muscles of the eye itself, which are six 
in number; four called recti, or straight; and two oblique ; . 


P Des Cars, Scuzix zus, Bibious, Morzixzrrus, SANCTORIVS, jon! 1. 
+ KnyLEn, Zinn, PORTERFLELD. 
' 1 La ChHanneney, PerRAULT, HARTSOEKER, Baiss Au, and DeRHan. 
8 For the accuracy of the representation I have annexed (in Tab. XVIII.) I can vouch,” 
having been at much pains in the dissection; from which I had the painting taken by 
a most accurate hand, Mr. S. Epwarvs, a gentleman well known for his abilities in 
the — of that admirable work, the F lora Londinensis. 
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50 named from their direction, (see Tab. XVIII. fig. 1.) A A 
A A, the tendons of the recti muscles, where they are inserted 
into the sclerotic coat, at the anterior part of the eye. B, the 
superior oblique, or trochlearis, as sometimes called, from its 


passing through the loop or pulley connected to the lower 
angle of the orbiter notch in the os frontis; it passes under 
the superior rectus muscle, and backwards to the posterior 


part of the eye, where it is inserted by a broad flat tendon 
into the sclerotic coat. C, the inferior oblique, arising tendi- 
nous from the edge of the orbiter process of the superior max- 


illary bone, passes strong and fleshy over the inferior rectus, 
and backwards under the abductor to the posterior part of the 
eye, where it is also inserted by a broad flat tendon into the 
sclerotic coat. DD D, the fat in which the eye is lodged. In 
fig. 2. we have removed the bones forming the external side of 
the orbit, with a portion of the fat, by which we have a dis- 
tinct view of the abductor. ABC, three of the recti muscles, 
arising from the back part of the orbit, passing strong, broad, 
and fleshy over the ball of the eye, and inserted by flat, broad 
tendons into the sclerotic coat, at its anterior part. D, the 


tendon of the superior oblique muscle. E, the inferior oblique, 
fig. 3. A, the abductor of the eye. B, the fleshy belly of 
the superior oblique, arising strong, tendinous, and fleshy from 


the back part of the orbit. C, the optic nerve. D and E, the 5 
recti muscles. 


The use ascri ibed to these different W is that of chang- 


ing the direction of the eye, to turn it upwards, downwards, 
laterally, or in any of the intermediate directions, accom- 
modated either to the different situation of objects, or to ex- 
press the different passions of the mind, for which they are 
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peculiarly adapted. But is it inconsistent with the general 
laws of nature, or even with the animal ceconomy, that from 
their combination they Should have a different action, and 
thus an additional use? To illustrate this we need only wit- 
ness the action of almost any set of muscles in the body; 
for example, in lifting a weight, the combined action of the 
muscles of the arm, shoulder, and chest, is different from the 
individual action of either set, or of any individual muscle; or 
an instance nearer our purpose may be adduced, viz the ac- 
tions of the muscles of the chest and belly, making a com- 
pression upon the viscera, as in the discharge of urine, foeces, 
 &c. But to question this fact would be to question the influ- 
ence of the will in any one of the almost infinite — of 
motions in the human body. 
1 presume, therefore, it will be admitted that we have the 
same power over these muscles of the eye as of others, and I 
believe we are no less sensible of their combined action; for 
example, after viewing an object at the distance of half a mile, if 
ve direct our attention to an object but ten feet distance, every 
person must be sensible of some exertion; and if our atten- 
tion be continued but for a short time, a degree of uneasi- 
ness and even pain in the ball of the eye is experienced; 
if again we view an object within the focal distance, i. e. within 
six or seven inches, such is the intensity of the pain that the 
exertion can be continued but a very short time, and we again 
relieve it by looking at the more distant objects ; this, I be- 
lieve, must be the experience of every person, whose eyes are 
in the natural and healthy state, and accordingly has been 
observed by almost every writer upon optics. 


But the power of this combination, even from ——_ 
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Supposing the eye in its horizontal natural position; I see 


_ an object distinctly at the distance of six feet, the picture of 
the object falls exactly upon the retina ; I now direct my at- 
tention to an object at the distance of six inches, as nearly as 
possible in the same line; although the rays from the first 
object still fall upon my eye, while viewing the second, it does 
not form a distinct picture on the retina, although at the same 
distance as before, which shews that the eye has undergone 
some change; for while I was viewing the first object I did 


not see the second distinctly, although in the same line: and 


the rays from the first, therefore, as they still fall upon the 


eye, must either meet before or behind the retina; but we 
have shewn that the rays from the more distant object con- 
vene sooner than those from the less distant object, therefore 
the picture of the object at six feet falls before, while the other 
forms a distinct image upon the retina; but as my eye is still 
in the same place as at first, the retina has by some means or 
other been removed to a greater distance from the fore part 
of the eye to receive the picture of the nearer object, agree- 
able to the principle page 198. From which it is evident, 
that to see the less distant object either the retina should be 
removed to a greater distance, or the refracting power of 


the media should be increased: but I hope we have shewn 
that the lens, which is the greatest refracting medium, has no 
power of changing itself. Let us next inquire, if the external 


muscles, the only remaining power the eye possesses, are ca- 


pable of producing those changes. With respect to the 


appears too obvious to need further illustration. 15hall there- | 
fore next endeavour. to point out their precise action. 
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anterior part of the eye, we have seen the situation of those 
muscles; the recti strong, broad, and flat, arising from the back 
part of the orbit, passing over the ball as over a pulley, and in- 
serted by broad flat tendons at t terior part of the eye; 
the oblique inserted toward the post. erior part, also by broad 
flat tendons; when they act n eye being in its hori- 
zontal position, it is obvious, as every muscle in action con- 
tracts itself, the four recti by their combination must neces- 
sarily make a compression upon the different parts of the eye, 
and thus elongate its axis, while the oblique muscles serve to 
keep the eye in its proper direction and situation. For my 
own part, I have no more difficulty in conceiving of this com- 
bination of those muscles than I have at present of the diffe- 
rent flexors of my fingers in holding my pen. But other cor- 
responding effects are also produced by this action; not only 
the distance between the anterior and posterior parts of the eye 
is increased, but of consequence the convexity of the cornea, 
from its great elasticity, is also increased, and that in propor- 
tion to the degree of pressure, by which the rays of light pass- 
ing through it are thence necessarily more converged. But 
another effect, and one not inconsiderable, is, that by this 
elongation of the eye, the media, viz. the aqueous, crystalline, 
and vitreous humours through which the rays pass, are also 
| lengthened, of consequence their powers of refraction are 
proportionably increased; all which correspond with the ge- 
neral principle. It may however be said, that as the four 
recti muscles are larger and stronger than the two oblique, 
the action of the former would overcome that of the latter, 
and thus draw back the whole globe of the eye ; but does not 
the fat at the n part of the orbit also afford a resistance 
E e 2 
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to the too great action of the recti muscles, especially as it is 
of a firm consistence, and the eye rests immediately upon it? 
Admitting then that this is the operation of the external 
muscles when in a state of contraction, it is also to be ob- 
serve l, we have the same power of relaxing them, in propor- 
tion to the greater distance of the object, until we arrive at 
the utmost extent of indolent vision. 
But, as a further testimony of what has been advanced, I had | 
recourse to the following experiment, which will shew that 
the eye is easily compressible, and that the effects produced 
correspond with the principles I have endeavoured to illustrate. 
With the common Seculum oculi I made a very moderate 
degree of pressure upon my eye, while directing my attention 
to an object at the distance of about twenty yards; I saw it 
distinctly, as also the different intermediate objects; but en- 
deavouring to look beyond it, every thing appeared confus ed. 
I then increased the pressure considerably, in consequence of 
which I was enabled to see objects distinctly at a much nearer 
than the natural focal distance; for example, I held before 
my eye, at the distance of about two inches, a printed book ; 
in the natural state of the eye I could neither distinguish tlie 
lines nor letters; but upon making pressure with the specu- 
lum I was enabled to . both lines and letters cf the 
bock with ease. 8 
Such then I conceive to be the action and effects « of the ex- 
ternal muscles, and which I apprehend will also apply in ex- 
plaining many other phænomena of vision; some of those it 
will not be improper at present briefly to notice. 
First, may not the action of those muscles have more or 
less effect in producing the changes of vision wn take place 
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in the different periods of life ? At the same time the original 
conformation of the eye, the diminution of its humours, and, 
probably, of the quantity of fat upon which the eye is lodged, 
are also to be taken into the account. But the external mus- 
cles becoming irregular and debilitated by old age, in common 
with every other muscle of the body, are not only incapable 
of compensating for these losses, but cannot even perform 
their wonted action, and thus necessarily have considerable 
influence in impairing vision. Again, does not the habit of 
long sight so remarkable in sailors and sportsmen, who are 
much accustomed to view objects at a great distance, and 
that of short sight, as of watchmakers, seal-cutters, &c. admit 
of an easy solution upon this principle? as we know of no 
part of the body so susceptible of an "habitual action as the 


1 85 muscular fibre. 


Secondly. How are we to account for the weaker action of one 
eye in the case of squinting? That this is the fact has been 
well ascertained; Dr. Rip * upon this subject observes, that 
he has examined above twenty persons that squinted, and 
found in all of them a defect in the sight of one eye. Por- 
TERTIELD and Ju Rix have made the same observation. 
Fhe distorted position of the eye has, I believe, been gene- 
rally attributed to the external muscles; but no satisfactory 
reason has ever been given why the eye, directed towards an 
object, does not see it distinctly at the same distance as with 
the other. The state of the iris here cannot explain it, as it 
contracts and dilates in common with the other; nor can we 
suppose any muscles the lens might possess could have any 
* See his Inquiry into the Human Mind, page 322. 
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effect, a he av not al connected with the nature of this 
disease. 

But the action of the external muoctes,-1 e ene will 
afford us a satisfactory explanation. When the eye is turned 
from its natural direction, for example, towards the inner 
canthus, it is obvious that the adductor muscle i is shortened, 
and its antagonist, the abductor, lengthened; consequently, as 
the abductor has not the same power of contracting itself with 
the adductor, when the eye is directed towards an object, their 
power of action being different and irregular, the compression 
made upon the eye and its humours must also be equally irre- 

gular, and therefore insufficient to produce the regular changes 

in the refraction and shape of the eye we have shewn to be 

necessary in adapting it to the different distances of objects. 
. The effects produced by making a partial pressure upon the 
eye with the finger, or sþeculum cculi, before noticed, would 

also appear to favour this explanation. VN 
Thirdly. May it not in part be owing to the loss of this com- 
bined action of the external muscles, and the difficulty of re- 
covering it, that the operation of couching is sometimes un- 
successful, especially when the cataract has been of long 
Standing ? This cannot be attributed to the iris, for it. per- 
haps, dilates and contracts as before : nor to the muscles of 

the lens, for they are removed ; nor to the state of the nerve, 
for it is still sensible to light; and yet the patient cannot 
see objects distinctly; and it is not an uncommon circumstance, 
even when the operation succeeds, that the sight is slowly and 
gradually recovered. Instances have occurred, Mr. BELL“ 
0 ee his System of Surgery. 
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observes, of the sight becoming 5 better for several 


months after the operation. 
When we have been long out of the habit of cb our 


muscles in almost any one action of life, as walking, dan- 
cing, or playing upon a musical instrument, we in a great 
measure lose the combination, and find a difficulty in recover- 


ing it, in proportion to the length of time we had been de- 


prived of it; but the individual action of each muscle remains 
as before. Thus, probably, with the muscles of the eye. A 
variety of facts of a similar nature must present themselves to 
every person conversant in the science of optics, which may 
admit of a similar explanation. | 


' I have thus endeavoured, first, to point out the limited action 


of the iris, and of consequence the insufficiency of this action 
for explaining vision. Secondly, to prove that the lens 
possesses no power of changing its form to the different dis- 
tances of objects. Thirdly, that to see objects at different 
distances, corresponding changes of distance should be pro- 
duced between the retina and the anterior part of the eye, as 
also in the refracting powers of the media through which the 
rays of light are to pass. And, fourthly, that the combined 
action of the external muscles is not only capable of produ- 
eing these effects, but that from their situation and Structure 
they are also peculiarly adapted to produce them. 
s it not then consistent with every principle in the economy 
of nature and of philosophy, seeing the imperfections of the 
principles which have hitherto been employed in explaining 
the phænomena in question, to adopt the one before us, until 
4 (agreeable to one of the established rules in philosophizing) 
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other phenomena occur, by which it may be rendered either 


entering into an extensive view of the structure of the eye, or 
any of the general principles of optics, as those subjects have 

been more ably treated in the works already cited, and thus 
would certainly have destroyed every claim to attention, which 
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more general, or liable to-objections ? 
I have now finished what was proposed. I have declined | 


these few pages in their present form may possibly possess ; 


and if I should be so fortunate as to succeed in establishing 


the principle I have proposed, for explaining the phænomena 


dependent upon this more important organ of our body (if 
any part possesses a pre- eminence in nature), I also hope it 
may, in abler hands, admit of some practical application, in 
alleviating the diseases to which its delicate organization so 


„ exposes it.“ 


. * have been written, I have found, upon consulting some of 


the earliest writers, that the effects of the external muscles did not altogether escape 
their attention; at the same time they had no distinct idea of their action: I must 


therefore disclaim the originality of the thought, although I had never met with it 


before the circumstances already noticed, of the insufficiency of the iris, had suggested 
it. If, however, I have succeeded in pointing out the precise action of those muscles, 
and its application to the general principles of vision, in r 
organs r e e SEE 
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XVI. Dr. Halley's Quadrature of the Circle improved : being 
a Transformation of his Series for that Purpose to others 
which converge by the Powers of 80. By the Rev. John Hel- 

lins. Yicar of Potter's Pury, in Northamptonshire. Commu- 
 nicated by Nevil Maskelyne, D. D. F. R. S. and Astrono- 
mer Royal. 


Read May 1 15, 1794. 


1. * HallEr-s method of computing the ratio ) of the dia- 
meter of the circle to its circumference was considered by him- 
self, and other learned mathematicians, as the easiest the pro- 
blem admits of. And although, in the course of a century, 
much easier methods have been discovered, still a celebrated 
: mathematician of our own times has expressed an opinion, 
that no other aliquot part of the circumference of a cirele can 
be so easily computed by means of its tangent as that which 
was chosen by Dr. HALLEV, viz. the arch of go degrees. This 
opinion, whether it be just or not, I shall not now inquire; 
my present design being to show, how the series by which 
Dr. HaLLey computed the ratio of the diameter to the cir- 
cumference of the circle, may be transformed into others of 
swifter convergency, and which, on account of the successive 
powers of 7; which occur in them, admit of an easy Summa- 
tion. 8 
2. This transforimmation 1 is obtained by means of different 
forms in which the fluents of some fluxions may be expressed. 
MDCCXCIV. — — 
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To proceed with the greater clearness, I will here set down 


the fluxion in a general form, and its fluent, in the two series 
which are used in the following particular instance, and may 


be applied with ng | in similar cases. 


g. The fluent of 


E r * 
— is + ＋ 


m N  m—+20n m+3n | 


&c. which series, being of the simplest form which the fluent 
seems to admit, was first discovered, and probably is the most 
generally useſul. But it has also been found, that the fluent of 
the same fluxion may be expressed in series of other forms, 
which, though less simple than that above written, yet have 


their particular advantages. Amongst those other forms of se- 


ries which the fluent admits of, that which suits my present 5 
Purpose is — — — 


x na” Fn n.2n. 1 


m. 1-2 m. M+ x. i — -\ +> m. F . m + 21. 1 —=-Y 


n. 2. 3 u. e eee = 


— = . + &c. which, to say nothing 


m. m + 1. m + 2. m + 31. I — * 


of other methods, may easily be investigated by the rule given 


in page 64. of the third edition of EkRSOx's Fluxions ; or its 


equality with the former series may be proved by algebra. 


4- On account of the Sign — before z”, in the last series, it 


may be proper to remark, that its n by a geometri- 


cal n will not cease till 


1 


' becomes = V; and that, whe - ts a small quantity, and a 
a large number, this series will converge almost as swiftly as 


the former. For instance, if x be V and n= 8, which are 
the values in the following case, the former series will con- 


verge by the quantity * = vir = ;: and this series by the 


1 
EEE 


| _ * | ee 
quantity = = =; where the difference in con- 


I — x7 


vergency will be but little, and the divisions by 80 easier chan 
those by 81. 


becomes = 2, or xz 


series — — — 


the Quadrature of the Circle. 219 


X With respect to the indices m and n, as they are here sup- 
posed to be affirmative whole numbers, and will be se in the 
use I am about to make of them, the reader need not be de- 
tained with any observations on the cases in which these fluents | 
will fail, when the indices have contrary signs. 
6. It may be proper further to remark, that by putting 


ut — = 2, and calling the first, second, third, &c. terms of the 
a IE... e 
. 1 1 n. A mmdn m T2 M. == + &C. 
A, B, C, &c. respectively, the series will be expressed in the 


concise and elegant notation of Sir Isaac NEwToON ; viz. 


— — + 6 + xc. which is well adap- 


5 1 a3 
ted to arithmetical calculation. 
. I come now to the transformation and, which will 
appear very easy, as soon as the common series, expressing the 
length of an arch in terms of its tangent, is properly arranged. 

If the radius of a circle be 1, and the tangent of an arch of 
it de called i, it is well known that the length of that arch will 


; — of 45 | | 49 „„ --- | | 
be = — — — + — —- E OY &C. Now, if 
the affirmative terms of this series be written in one line, and 
the negative ones in another, the arch will be 


e 


BREE AER. r 


| And if, again, the first, third, fifth, &c. term of each of these 
series be written in one line, and the second, fourth, sixth, &. 
in another, the same arch will be expressed thus: 


"P18 
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3 +—+=+ =+ = — ks. + 


7 
T7 +7 + L E 1 2 ＋ + K. 
318 e 
2 ＋ An 


All which series are evidently of the firs: form in article g, 
and therefore their values may be expressed in the second 
form there given, or more neatly in the NEwToN1ANn nota- 
tion mentioned in art. 6. In each of these series the value of 
ſüin the first series, is i 
FF in the second series, is 5: 
. F in the third series, is g; 
in the fourth series, is 7. 
If now we take {= NV. ths tangent of go?, which was 
chosen by Dr. Harzer, we shall have the arch of oy” 8 
N 1 5 857 + 17 84 T 2 ; + I &c. 
Tre 
* F F 5 * un - r + 5dr · &c. 
* + TI" = => + x7 7 Bre, dec. 


Six times this quantity will be = the zemicircumference when 
radius is 1, and = the whole cireumfererce when t' e diameter 
is 1. If therefore we multiply the last series by 6, and write 


Vis for _ and express their value in the form given in 


art. 6, we shall have the circumference of a circic „hese dia- 
meter is 1, 


the Quadrature of the Cirde 


8192 $A + 16B 24C +S 32D &c. 


80 9.80 17. 80 5 25 80 33.50 
FFF 
— 885 - — 10 — . W + 3-5, Kc. 
— — + =. 


8. All these new series, it is evident, converge somewhat 
swifter than by tl. e powers of 80. For in the first series, 


which has the Slowest conver; dency, the coefficients 7 ˙ 75 15. 25 


&c. are each of them hens than 1; $0 that its | convergency is 


somewhat swiſter than by the powers of 80. 
9. But another advantage of these new series is, that tlie 


numerator and den:mirator of every term except the first, in 


each of them, is divisible by 8; in consequence of which the 
arithmetical operation by them is much facilitated, the divi- 
sion by 80 being exchanged for a division by 10, which is no 
more than removing the decimal point. These series then, 
when the factors which are common to both numerators and 
denominators are expunged, will stand as below, (each of 
which still converging somewhat quicker than by the powers 
of 80), and we shall have the circumference of a circle whose 
diameter is 1, 


3; * a = _ — * 175 10 ? „ &c. i 

* + : bs — _ : 3 = , &C. 
2 Ho T 2 _ — P _ & 

— T — * 5 = _— K. 
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By which series the arithmetical computation will be much 
more easy than by the original series. 
April 30, 1794 85 J. HELLINS. 
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XVII. On the Method of determining. Ir m the real Probabilities 
of Life, the Values of contingent Reveraions, in which Three 


Lives are involved in the Survivorsbip. By William Morgan, 
Esg. F. R. S. 


Read May 13, 1794. 


Ix the last paper which I communicated to the Royal Society 
on the doctrine of survivorships, I concluded with observing 
that, as far as my own judgment could discover, I had then 
given rules for determining the values of reversions depending 
upon three lives in every case which admitted of an exact so- 
lution, and that the remaining cases, which were nearly equal 
in number to those I had already investigated, involved a con- 
tingency for which it appeared very difficult to find such a 
general expression as should not render the rules too con- 
plicated and laborious. Since that period I have bestowed 
much time and attention on this subject, and have at length _ 
so far succeeded as to give me reason now to hope that it is 
capable of being entirely exhausted. It is not my present de- 
sign to enter into the investigation of all the problems which 
still remain to be solved. I hall here confine myself to a few 

of the most important, reserving the conclusion of the subject 
for some future opportunity. | 
The contingency to which I have alluded i in this and my 
former paper, as opposing the great difficulty in those pro- 
blems which I have not yet solved, is that of one life's failing 
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It becomes necessary, therefore, 
previous to any other investigation, to deduce a general me- 
thod of ascertaining such an event, and for this purpose I shall 


__ the following lemma. 


LEMMA. 
To determine, from any table of observations, the probabi- : 
lity that B the elder dies after A the younger of two lives, 


either in any given number of years, or during the whole con- 
tinuance of the life of B. 


SOLUTION. 


This event can take place in the first year only by the ex- 


tinction of both lives, A having died first; the probability of 


which will he expressed by the fraction — 2 A In the se- 


cond year the probability will be increased for the event 
may have taken place, as above mentioned, in the first year, or 


the lives may have failed in the second year, A having died 


first; or B may have died in this year, and A in the first 


year. The expression, therefore, for the Second year will be 


b -m. - += yu m-Xx. LEY m-—N, 4 1 n — 1 — — In 


A2 ab ” 0 - 2 


the third _ 1 hb will be still further increased; 
for, in addition to the foregoing contingencies, the event may 
have taken place by the extinction of the two lives in the third 


year, A having died first; or by the extinction of the life of A 


In ak to avoid unnecessary repetitions, have uniformly in this paper . 


the same symbols as in my last paper.— See Phil. Trans. Vol. LXXXI. page 247. 
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in the first or second years, and of the life of B in the third 
year. Therefore, the probability for the third year will be ex- 


prexed by == 4. === . 


zub 240 40 240 ab ab 


1 g 


71 —0 . 242 — ba 
1 4 proceeding in the same 


2 


manner for the fourth year, the probability will be found 


> 1 D a' „p. C + M—p 7 0—p.a* + . | * 
= x <= EE+ —+ — ; and suppos- 


ing æ to denote the difference between the ages of B, and of the 
oldest person in the table, and y and z respectively the num- 
ber of persons living at the two last ages in the same table, 
the whole en of the elder life's dying af ter the younger 
will be = —T into b—z. of + MZ. a +0" + 12 K. HP + 


 0—2ZS. > = 'Z. FFT. Now, since it is well 
known that the probability of both lives failing in z years, 
without any regard to tte order of their extinction, | is = 


2 „ +. 8 
N ons (or supposing x to be the number of 


persons living at the end of æ years from the age of A) = 


m= 


— it is evident that, if the foregoing series be cubtracted 


from this fraction, the probabiliiy will be obtained of the 
younger person's dying after the elder in 4 years. In the 
first paper which I communicated to the Royal Society on 
this subject,“ I not only described the most concise method of 
computing a table of the probabilities of survivorship between 
any two given lives, but computed a comprehensive one for 
persons of all ages, whose common difference was not less than 
ten years. As the contingency in this lemma is of considerable 

© See Phil. Trans. Vol. LXXVIIL p. 335. 
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importance, and the solutions of a great number of problems 
require that it should be previously ascertained, I have com- 
puted a similar table on the present occasion ; and it will ap- 
pear from the following TUE that both are formed in 
nearly the Same manner. 


Ages off Frovabing of A's dying 
B. A boobs of B's ing af after A. after 3. 
*0 lo 1 a 41X3__ . 3X41_ "TOY 
TJ BEES DOM - .0827 iS — 0827 om 
84 1 _48X8 Wax 6 4 1 ol 2... .1546=.1835 | 
1 + —K >. A mm 1540 9& 234 e 
1 888822 55+48X8 e a 152X044 __ 8 
9383 Ns e e - 72“ 40 2599 
— — — — — 
AY FRE. 57X23 22 55+48X8 , 48+41X3_ —_— 
9282 7 78 —_ — 2 * . ee * 247946 2422 2.3145 
ES OY RT. 69X 33 , 604-57X23 222 11 5” Tag oy 
516 13477 406 ITT IE. 1 if _ 2696 34X 406 e * 
1 63X 45 2 TE os [45X324 | _ 
90.80 ET ON 2 . Sia g + + &c. = — 4650 ee 2864 3894 
ol | _s axe: Ta+63X45 , extboxan 61X 389 5 
99 5 2 . be + te, = 2907 62X534 © .2907= 4260 


From these specimens it will be readily seen, that the pro- 

bability between two younger lives is derived from that of the 
two preceding older ones, without any addition of labour; for 
the sum of all the terms of the series, excepting the two first, 
is constantly obtained from the foregoing operations. Thus, 
when the ages of B and A are ga and 82, the two terms 


22 


+ — X3 form a part of the preceding series, which 


p ennes the probability between two persons aged gg and 8g. 


* This, and all the other computations in this paper, are deduced from the North- 
ampton Table, in Dr. Pz1cz's Treatise on Annuities, Vol. II. p. 36. edit. 5th, 
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And i in like manner when their ages are gi and 81, the three 


terms Du &c. form a part of the series which denotes 
the probability between two persons, aged ga and 82. By pro- 
ceeding with these operations, a table may be formed for all 
lives, whose common difference of age is the same, with little 


more trouble than in the single case of the two youngest lives. 
If a table of the probabilities of survivorship be already formed 


(such as that to which I have referred in my first paper), the 
operations in the present case may be exceedingly abridged; 


and it will not perhaps be improper here to explain the man- 
ner in which this is effected. By exchanging the symbols c, 
d, e, &c. in the solution in my first paper, for their equals m, 
2 o, &c. in the prevent solution, the series expressing the pro- 


8 bability o of B s surviv ing A will become 3 * b.s 42 — 4 


ab * wane 7 . 
— „„ += =, which exceeds the series expressing the 
protability of B 8 tying after A by 2 * Ta Ta“, „ 2 


(or supposing 2, as in the Northampton Table, to be = = 1) by : 


a— ＋ 


3 nearly. 1 therefore, the given probability of B's surviv- 


ing A be denoted by Y, the probability of B's dying after A | 
will be M , and the probability of A's dying after B 


will be = — —Y. The following table has been computed 


in this manner, .excepting the first and the two last divisions, 


where the difference of age between the two lives is 10, 80, 


and go years. In these cases, the probabilities have been de- 


duced from the series in this lemma, and chiefly with the view 


of proving the accuracy of the table in my first paper. It is 
G g 2 


1 2 r * 5 * n 

1 2 A n. * * 
F * , wy wh 

a | » 

> © 
. WM 
* 
- 
- 
| | 
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however necessary to observe, that in the abovementioned series 
S* ©, he last term. (2) by supposing 
the whole series — E<IT is taken = = a, and therefore the diffe- 


| rence between Y and the probability of B's dying after A, is 
not exactly expressed above. Regard has been had to this 
circumstance in the following table, in all cases where the age 
of the eldest life exceeds 86 years. But under that age it is 


omitted, as the expression = =" becomes then true to four places 


of decimals, and of consequence sufficiently correct for any 
useful * 
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TABLE, Eo 
Shewing the probability of one life's dying after another.* 


— — 7 ny — 
Ten years difference. | Thirty years difference. | Forty years difference, 
| Ages. 2 | Eldest. 65 | Ages. 2 Eldest. Eldest. 
1111 3973 5858 131.3384 4821 4355 
2112] .4664 |.5136 2132] 43934 | +3934 +3396 
3113] -4962 | .4822 3]33] +4155 |+3555S | 2983 
4114] -5175 4597 | 4134] -4397 3284 2686 
51552974469 5354382 3133 2518 
665474342 636.4456 | -2983 | 46 | -2351 5 
71755014252 71371498 [2881 2228 1 
8/18] .5559 | 4190 38.4533 |.2796 1.2138 
91955864159 394541 2751 2084 
1020. 55914152 10040. 45322731 . 2057 
11]21| .5583 | 4157 8 [11141] .4516 | .2722 20433 
1222] .5571 | .4167 12442 .4497 | -2716 2033 
13231-5558 4178 [1 130434476 (2712 +2024 
' 14/24] -5544 | 4189 1444/4453 |-2709 +2016 
15251-5530 4201 150454430 . 2706 2009 
1602665513 4215 16464405 2704 | .2003 
17/27] .5500 | .4225 | 6 17474381. 2699 1994 
18/28] .5490 | 4232 180484360 | .2688 1978 
19 29.5486 4233 19149] .4342 | 2670 | 1956 
20030. 5485 4230 2050. 4325 . 2648 1928 
21131] .5490 4221 6 2105143122618 .1893 
22132] .5498 | .4209 22\52| .4298 2586 .1852 
2333 -5506 | 4196 , | 2353 4284 .2553 1809 
24345515 4183 24/44 -5110 | .3332 2454/4268 | .2519 1765 
2535 +5524 | -4169 28040 5112336 25554253 2484 1719 
26036005533 | .4155 2604665112. 3280 26 56 4235 | +2449 | 1673 
27137| 15543 |-4149 27/47] -$113 | -3253 j27 57] -4212 | -2413 1626 
28138 5553 | 1.1578 


4125 [2848.5 114.3225 28.58.4199 1.2376 


* In the table in the LXXVIIIth Vol. of the Philosophical Transactions, the cer- 
tainty of one life's surviving the other is denoted by 100. In this table the certainty of 
both lives becoming extinct is denoted by unity, this number being better suited to the 
Solution in the following problems. It may net be improper to add, that both tables, 
though deduced from the decrements of life at Northampton, may be safely used, even 
when the values of the life annuities are derived from a different source, as the probabi- 
lities they express are very nearly the same, from whatever table of observations they are 
computed. 
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— [ — 
Twenty years difference. ] Thirty years difference. Forty years difference. 


nnn 


Ages, Voungest. Eldest. | Ages. | Youngest.| Eldest. | Ages. | Youngest. | Eldest. 


.5115 | .3196 [29059479 29065 31641828 
.$115 | .3167 30%60. 4159 70] .3122 | .1479 
.5112 | .3140 [31101] .4136 | .2260 [31/71] .3077 | .1430 
108.3113 |32|62| .4112 | .2220 [32/72] -3029 | .1380 
.5104 | .zo85 [33/03] .4089 | .2177 [33/73] -2977 | -1331 
ogg | .3057 [34\04| .4966 | .2134 [34/74] -2921 | .1282 
5092 30293565 .4037 | 2 28581237 
5 5086. 3000 3665. 4009. 2043 3676. 27881194 
5072. 296937673978 -1997 [37]77| -2715 | -1150 
.co71 | .2939 [38/68] .3945 | .1950 [38]78| .2637 | .1106 
.go51 | .290g 3969. 3910. 1902 [39179] -2559 | .log7 
600. 5049 .2878 [40/70] .33872 | .1854 |40|50] .2470 | .long. 
| .5038 | .2845 [41/71] .3829| .1805 [4181] .2384 | .og60 
5026. 2810 [427237851753 42082. 2286. 910 
5017 | .2770 43733736. 1699 4308321740865 
500% . 2728 4474. 3681. 1647 4484] 2040. 0834 
5| -4995 | 2685 [4575 .3617 | .1598 |45|35| .1898 | .o803 
4982 .2641 [46176] .3544 | -1553 40086 -1743 | .0776 
4967 | -2596 [47]77]| -3465 15084771575. 751 
.4950 | .2550 [48178] .3383 | .1460 |[4*138| .1393 | .0731 
4945 -2503 4979. 3308. 1407 40/89 12140700 
49072455 50080. 3207. 13515090. 1032. 0649 
14885 .2400 [51181] .3105 | .1293 509.0865 0569 
.4860 | .2342 |52|82| .2993 | -1234 |52]92| -0691 | .0476 
.4830 | .2284 |53|83] .2864 | .1180 [53193] 0520. 0363 
| -4793 | -2227 54684/2706. 11435494 03240252 
4747 -2173 [55|85] .2530| -1110 |55]95| .0126 . 0126 
40912122 |56|86] .2338| .107g] | | | 
.4628 | .2070 [57187] .2127 | -1049 
78] .4561 2013 58188] .18g1 | .1025 
179] -4494 | -1947 159139] .1657 | -0979 | 
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Fifty years difference. | Sixty years difference. | Seventy years difference.| Eighty years difference. 
Ages. | Youngest. Eldest. Ages. | Youngest. | Eldest. | Ages. | Youngest. | Eldest. | Ages. | Youngest.| Eldest. 
151} .2419 | .3914 | 061.1987 .3491 | 1/71] .1544 | .3045 | 131} .1294 | .2485 
252 2761 [. 2885 262.2184. 2411 272.1622. 1942 232.1189426 
3153] -2879 | -2444 3193] -2245 | .1950 | 3/73] .1604 | .1484 | 3}83] .1042 | .1027 
4154] +2954 | -2126 | 4104| 2276 | .1617 | 474.1573 .1156 | 4j84| .ogot | .o756 
555.2979 [1946 565.2275 .1426| 575. 1523 .o977 | 5185] .0768 | 0626 
6156] .3005 1766 6j66| .2275 | .1235 | 6176] .1477 | .o7g5 | 686.0649. 0484 
7157] -3011 |.1633 67. 2266. 1090 777.1433 .0657 | 787.0546 } .0377 
8158] .3014 | .1533 | 8682251. 0980 8078. 1390. 0550 80880 04570294 
95591 -2998 | .1472 | 969. 2226 . 0910 979.1346 0481989 . 03820239 
10050. 297214401000. 2194 · 0870 0080. 1301 . 0440 090. 0318. 0203 
11161] .2940 [. 14201071. 2156. 0843110816. 1250 . 04141197 .0274 | 0158 
12062. 2906. 14041272. 21140822 282.1193. 0392 [1292] .0204 | .0140 
13631. 2870 [. 1388 13/731. 2070. 0802 13083 .1137 | .0375 [13 93] -0149 | 0105 
14/04} .2833 | . 1373 1474]. 2022. 0785 14484. 1068 .0366 [14 94 00% 0071 
15527931359 [15175] +1973 | 768 |15]85| .0993 | .0361 [15 95] .0035 | .0035 | 
160666. 2751134716766. 1909 . 076416086. 0912 .0360 | | 1 = 
17167] .2707 | .1332 [17]77] .1845 0755 [17]87] .o821 | 0362 tea ts ng 
18]68| .2662 | .1311 |18]78] .1780 | .0739 [18]88| ,0723 | .0360 | Ninety years difference. 
1969. 26171283 [19}79] .1713 | -0714 [19]89] .0623 | 0350 d vals 
20/0. 2570 | .1250 |20j80] .1643 | .ob85 20090. o 25 .0327 | Ages. | Younges. | Eldent. 
2171] .2524 | 1208 |21]81] .1569 | .0649 21091] 0433 | 0236 [—— |--—| 
22|72| .2476 [. 1162 |22]82| .149o | . 0610 [2292 0342 .o235 | I]/1] 1095 1803 
23/73] -2424 |-1116|23]83] .1405 | -0574 23903 0253 0177 | 2| 2 975, | 9844 
24174] .2369 | 10712484. 1305. 0548 [2494 .o155 | o121 | 333] 0,10 | .0450 
2575. 2308 | .1028 [25[85 .12o01 | .0523 [25]9;| .cogq | 0059 | 494] 0291 0434 
2676. 2242. 098720866. 1091] 040 | | 59. | 010.0110 
2777 2174 | -0945 2787 .0975 | 0476] | 5 
28178] 21030902 2888.085114. 0456 8 
29179] 2031. 085629089 . 0731 .0427| 4 | 
30]8c| .1956 | .o809 |301go| .ob15 0389 W 1 | 1 
31131] .1876 [076331010520 .0335| | + 1 
32152] .1788 | O20 3202 .0402-| .0277] | * i 
3383 .1092 | .oog0 33/93 0298 | .o2c9 | 
3484 1580 005013494] .0183 | .0143 | 
3585 .1460 | .0024 [35,95| .0059 | -0059 
30.861333 0598 EE 
37,87| -1195| .0574] | 1 
380880 105210553 | 
39.89 -0909 | 523 F 
4090 .0770 0481 N 
419100641 0420 1 
42/92] 050g] 0350 . 
43/93| -0380] 0205 | 
4494 0235 0182 | 
. ooo | 
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In the solution of all the problems which involve the con- 
tingency in the foregoing table, the constant method of ascer- 
taining it has hitherto been, by taking half the probability of 
the two lives becoming extinct in a given time, both in the 
case of the elder life's dying after the younger, and of the 
younger's dying after the elder. When the ages of the two 
lives are very different, this method (as I have observed in my 
former paper) must be incorrect. I have taken considerable 
pains to determine the extent of the inaccuracy, and for this 
purpose have OO" the following table. 
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From this table it appears, that the approximations and ex- 
act values do not differ much from each other till the last 
years of B's life, and that the principal inaccuracy in adopting 
the approximation will arise after the extinction of the life of 
B, when it becomes necessary to multiply the fraction ex- 
pressing the probability of his dying after A into the remain- 
ing series of the solution. But this perhaps will be better 
understood from the following problems, and from the com- 
putations which are made to prove the correctness of the ge- 
neral rules. 


PROBLEM I. 


To find the value of an annuity on the life of C after A, on 
the particular condition that A's life when it fails shall fail 
| before the life of B. 


SOLUTION. 


As the approximation appears from the preceding table to be 
always sufficiently correct, except in the two or three last years 
of B's life, it is evident, that if the fractions which express 
the probability of B's dying after A in those years, be either 
confined only to the value of the annuity during that short 
period, or be not involved at all in the computation, no 
great inaccuracy will arise from having recourse to the ordi- 
nary method of determining that probability, provided the so- 
lution be founded on real observations of life, and not on Mr. 
De Mo1vse's hypothesis. In the present problem, when C or 
A is the oldest of the three lives, the abovementioned fractions 
either never enter into the computation, or are confined to 


the last years of A s liſe; and in both cases they are combined 
H h 2 
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with another contingency, which necessarily renders them of 
less consequence. The solution, therefore, particularly in the 
former case, becomes very easy; and even in the latter, by the 
assistance of the table in my first paper,* it becomes equally 
simple and correct. But when B is the oldest of the three 
lives, the above fractions are combined with a series which is 
often of considerable importance, and consequently the com- 
mon method of solution fails in this case. Yet even here, be- 
ing possessed of the table deduced from the foregoing lemma, 
it is attended with little or no difficulty, and a general rule 


as short and accurate is obtained as in the other cases. This 


however will be more n proved by © the following 
operations. 
ist. Let C be the oldest of the . lives. In the first year 
the payment of the annuity depends on one or other of two 
events ; either that A and B both die (B having died last), and 

that C lives, the probability of which event is expressed by : 


a. b-m.d 


2abc 


or that only A dies, and that B and C both live, which 


and 


probability is expressed by — The value, therefore, of the | 


| dbd 4 
annuity for the first year will be = —— — 


2abcr* 


In the second 
year, the payment of the annuity depends nearly on the same 
events: 15t. that A and B both die in the first or second year 
(B keying died last), and that C lives to the end of this term, ; 


5 e If. a +a 7+ a” 


which is = ==; or 2dly, that only A has died before 


the end of the n, year, and that B and C have both lived, 


which is = nets, Hence the value of the annuity for the 


Phil. Trans, Vol. LXXVIII. p. 337. 
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be. 2A a+ 
 24aber? 2abcr* © 


by following the same steps, the value of the annuity will be 
bf. w +4" +a" 


24ber* 
C's life the value of hs Sy may be determined in a si- 
milar manner. The whole value of the annuity therefore, 
when C is the oldest of three lives, will be expressed by the 


Second year will be = 


In the third year, 


found = 


+20 n —_ 54 , and in the remaining years of 


11 pr d , u'+4". nc 
two series — 435340 2 4 &c. and —— 838 


24cr 2acr* _ 2acr? 2abcr 2abcr* 


+ <2 EL + &c. The first of these s Series is = == and 


zauber e 
-— 0-000. 
the second is =———; hence the required value i in this case 
13 20 — 


* 


+ —— 

ea Let 4 be the oldest of the three lives, and if z denote 

the number of years between the ages of A and of the last 
person in the table, C' the value of an annuity on the life of 

C for 2 years, and B'C' the same value on the two joint lives 


of B and C; the value of the annuity for the first z years will 
8 
+- 15 N 
ration of this term the life of A is 3 extinct, and con- 
sequently the value of the annuity for the remaining years of 
C's life (supposing d, e, 7, n, &c. to denote the number of per- 
sons living in the table at the end of 2 + 1, 2 + 2, 2 + 3, &c. 
years, and e to denote the probability of B's surviving A*) 
will be = @ x —= — 22 — = + &. . C- C. 
The whole value of the annuity therefore, when A is the oldest 


5 evidently i in this case be = At the expi- 


* See the table in the LXXVIIIth Vol. of the Phil. Trans. p. 337. N. B. When 
this table is uscd 1 in the present and following problems, certainty must be denoted by 
unity. 


233 Mr. MonGan on Survinorsbips. 


of the three lives, will be = 82 + . C— n 47 BREN — . 


Thirdly. If B be the oldest of the three lives, let z denote the 
number of years between the ages of B and of the last person 
in the table, C' the value of an annuity on the life of C for x 
years, AC the same value on the Joint lives of A and C, and s 
the probability (found by the table in the foregoing lemma), 
that B dies after A. Then, by proceeding as above, the value 


of the annuity in this case will be found = + TX 


n= BY. 2 E. D. 
When the lives are all equal, the general 1 rule deduced either - 


C--CC 
from the series or the foregoing ex pressions becomes =, 


which is known to de the exact value i in this case from el 5 
2 principles. | 
As this method of solution is applicable to a great number 5 
of problems, I have thought it necessary to make the following 
computations, with the view of determining how far it may 
be depended upon. It is to be observed, that the first series of 
- 2 4% — + 
&c. should have been (according to the lemma), in crder to 
Et EEE + 
Kc. and that it is impossible to find a general expression 


fractions i in the above solution, or — 


express the exact . 


which shall be equal to this latter series and at the same time ” 


fit for use. This has rendered it necessary to have recourse 
to the present approximation. But in the first column of the 
following examples, each term of this last series has been se- 
parately computed, so that by comparing the values in that and 
the second column an exact idea may be formed of the accu- 
racy of the preceding rules. 
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Ages of 
GG BD 4A Approximation. 
8 * 
70 20 65 - * 408 
81 70 80 — — 550 
15 85 10 - - 19.782 
15 7 1 = . - — 11.290 
LL I _— 
5 GG w_ —_ = 4 - <0 
a OY 70 1 * N 9.529 
15 10 835 — 647 - „ 
E 1.038 — 1.193 
35 15 75 706 e 
15 20 65 1.769 - 1.876 
15 70 80 +397 - 4671 


From these examples it appears, that when C or A is the 
oldest of the three lives, the approximated and the true values 


ggree sufficiently near for any useful purpose; and that even 


when Bis the oldest, the difference is almost as inconsiderable. 
It should likewise be observed, that these examples are cases 
in which the difference is likely to be greatest, and therefore a 
nearer approximation need not be required. Both Mr. Stur- 
sox and myself have given solutions of this problem, and in 
most of the foregoing examples the values derived from them 
are more correct than could have been expected; but these 
solutions being founded on a wrong hypothesis, are not so 
correct as the present, except when C is the oldest of the 
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three lives, nor are they even more simple, so that it can now 


be seldom necessary to have recourse to them. Without the 
assistance of the preceding lemma, and the computations which 
have been just made, it would not have been possible to have 
ascertained the degree of accuracy of any approximation; and 
therefore were no other end answered by them, this of itself 


would be of sufficient consequence to deserve the time and 
labour which 1 have bestowed upon this Subject. But it will 
appear, in the solution of some of the succeeding problems, 
that the use and application of this lemma, and especially of 
the table deduced from it, are much more extensive and im- 
portant. e ED 


 PROB LEM II. 


To find the value of an annuity during the life of 0. after 


5 the decease of A, provided A should survive B. 


SOLUTION. 


The payment of this annuity depends only on one contin- 
gency; and that 18, the extinction of the two lives of A and 
B before the end of each year (B having died first), and the 


continuance of the life of C to the end of those respective 


years. The value therefore of the annuity for the first year 
e. 3 a d + 


d.b—m.d 
will be = -, for the second year = aber for the 
N Es we 4 Fa Ta | 
third year = —————; and so on for the remaining years. 


The value of the annuity — C is the oldest life ) will conse- 


da TT 
quently be expressed by the two series —— —— + 
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4 . a md, ne. IT of. d+d+4* 


zuber ae, 2aber rr 
c. DE ee. If A be the oldest of the three lives 


this rule will be insufficient. Let z, C', B'C' and e denote the 
the same quantities as in the second part of the preceding pro- 


blem; then will the value of the annuity in this case, for the 


C-AC PFC ABC 


—— — and its value for the re- 


first x years, be = 


maining years of C's life = i . C ; for the payment a 

of it during this last term depends on the contingency of Cs 
living so long, and of A's having survived B, which probabi- 
lity is = 1— 9; therefore the whole value will be = — — 


— 
* 20 EV CT — — | 


If B be the oldest of the three lives, let æ, 2, C., AC; J, e, 7, 3 
&c. denote the same quantities as in the third part of the fore- 
going problem; also let z' denote the sum of the decrements of 
the life of A for x years, and a“, 4“, a“, &c. the decrements of 


the same life in the 7 T ist, z T ad, r T 3d, &c. years. The 


value of the annuity for the first 4 years will it is evident be 


= BC—ABC 
= — — In the z J ist year the payment of 


it will Spins on the contingency of A's having died after B 


in T + 1 years, and C's having lived to the end of this term. 
As the life of B becomes necessarily extinct in & years, it is 


| plain that the probability of A's dying after him in Z 2 


years must be * , and therefore that the value of 


the annuity in this year will be = 242 8 x 2 == In 


the same manner the value of way annuity in the 4 I z J 2d, 
MDCCXCIV, Ii 


will be = 22 , for the second year = = 
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three lives, nor are they even more simple, so that it can now 
be seldom necessary to have recourse to them. Without the 


assistance of the preceding lemma, and the computations which 
have been just made, it would not have been possible to have 
ascertained the degree of accuracy of any approximation; and 
therefore were no other end answered by them, this of itself 
would be of sufficient consequence to deserve the time and 


labour which I have bestowed upon this Subject. But it will 
appear, in the solution of some of the succeeding problems, 


that the use and application of this lemma, and especially of 
the table deduced from it, are much more extensive and 1 im- 
portant. 


PROBLEM II. 


To find the value of an annuity during the life of C, a 


the decease of A, provided A should survive B. 


SOLUTION. 


The payment of this annuity depends only on one contin- 


gency; and that is, the extinction of the two lives of A and 
B before the end of each year (B having died first), and the 


continuance of the life of C to the end of those respective 
years. 13 value therefore of the _— for the first year 


N 
2abcr* 


for the 
zaber | 


De. TL 
third year = fi 2 — , and so on for the remaining years. 


The value of the annuity (when C is the oldest life) will conse- 
da e. er. 1 


quently be expressed by the two series 2 + = 
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2 — mda' ne - . EYE 
&.. . and — aber — N22 


&c. = D = . If A be the oldest of the three lives 


this rule will be insufficient. Let z, C', B'C' and e denote the 
the same quantities as in the second part of the preceding pro- 
blem; then will the value of the annuity in this case, for the 


El — A 
first x years, be = = 1 - , and its value for the re- 


maining years of C's life = 1 — 6 Þ. CV; for the payment 
of it during this last term depends on the contingency of C's 
living so long, and of A's having survived B, which probabi- 


lity is 1— P; ; therefore the whole value will be = =C— 
IMS —0. 8 2 = Ro | 


If B be the * of the three lives, let z, 1, C', AC, 3. e, 4 
& c. denote the same quantities as in the third part of the ſore- 
going problem; also let z' denote the sum of the decrements of 
the life of A for æ years, and a, , a, &c. the decrements of 


5 the same life in the Z Þ 1 + ist, x + 5 3d, &c. years. The 


value of the annuity for the first r years will it is evident be 


23 BC—ABC | 
= — ——. In the Z Þ 1 + 18t year the payment of 


it will Sica on the contingency of A's having died after B 


in z + 1 years, and C's having lived to the end of this term. 
As the life of B becomes necessarily extinct in 7 years, it is 


plain that the probability of A's dying after him in T 1 
7 +a 


years must be = , and therefore that the value of . 
2 * — SS 5 
the annuity in this year will be = =. In 


the same manner the value of — 5 in the z T x + 2d, 
MDCCXCIV. T1 
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z + 3d, &c. years will be = ++, x = TE 


$2 - 


ns =... &. But the naar; X —T" 
= +&. is = C -N * and 
wer + &c. is =. —_— the whole va- 


lue of the annuity therefore, when B is the cldest, will 2 = 
Cam AC = C'—A'C' _ BC—ABC 


*. . 


COROLLARY. 


If the solution of alice of these two problems de given, 


= the solution of the other problem may be immediately de- 
rived from it; for the value of the reversion in one is no more 
than the difference between the value of the reversion in the 


other, and the value of an annuity on the life of C after A. 


In other words, let the value found by either of these pro- 
blems be called Q, and the required value of the reversion in 
the other problem, supposing the ages of A, B, and C to be 


the same in both, will be = C — AC — — (ik This deduction | 
is self- evident, and if applied to any of the foregoing rules will 


be found to confirm * truth of the solution. 


PROBLEM III. 


To find the value of a given sum payable on the death ef 
A and C, * B Should survive one life in particular 


(A). 
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SOLUTION. 


In the first year the payment of the given sum will wind 
upon either of two events; ist, that all the three lives shall 


drop (B having survived A) which is = Ln Te 2dly, 


2abc 


That B ball live, and only A and C die, which is = =. 


| The value therefore of the given sum in the first year will be 


= = x LETT, In the second and following years 


the payment of S will depend upon either of seven events: 
ist. that all the three lives drop in the year, B having survived 
A. adly, That B lives, and only A and C die in the year. gdly, 
that A dies in the year, C dies in any of the foregoing years, 
and B lives. 4thly, That B dies after A in the year, and C 
dies i in any of the foregoing years. zthly, That C dies i in the 
year, and B dies after A in any of the foregoing years. Gthly, 
That B and C both die in the year, and A dies in any of the 
| foregoing years. And 7thly, That C dies in the year, A in any 
of the foregoing years, and B lives. From the several frac- 
tions expressing these 2 the value of the given 
— n 8 


+ &c. 3 — x 
ä d + = ++ 8c. — 


Sum will be found = 2 7 + = 77 


.S amd , a'n a” „ 
222 Tce + Sf + a: + &e. + 


8 a'md —_— hs 8 FTE 7 - 
* 7+ + &c. 
S ame W+4".n . 

Zabcr © 1 YT ef; &c. =E + = X . ; 


—_— 


BC—ABC — NN 
| 112 
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FNF. 11 A be the oldest of the three lives, let x, C., B; O, 
and ꝙ denote the same quantities as in the second part of 
prob. I, and let FC“ be the value of the joint lives of F and C 
for z years, it will then be evident that the value of the rever- 
sion for the first z years will be = E + = x C'=A'Ci—r—1. 


BC—ABC— = x FOLAFC + S& x 9 — 


T'— AT, and its value after this term = AT] x 2 2, C*: 
Ce being the value of an annuity on a life 2 years older than 
C, and & the number of persons living at the age of C.. . If B 
be the oldest of the three lives, ws value, by proceeding as above, 
may be "__ found = = E += — x C'— A'C' —F-T, BC— ABC 
8 FL —— — 8 


8.2 _ m. . —F D — 
* * * N 


1 T; C, AC, and z Si the same quan- 


; us as in the third part of prob. 1, C* the value of an an- 
nuity on a life z years older than C, q the number of persons 
living at the age of C*.. and T' and A'T' the values of annui- 
ties on the single life of T. and on the joint lives of A and T 
| for x years. | 
But the solution of this problem may be obtained rather 
more easily by the assistance of the first problem in this paper, 
and of the second problem which I communicated to the Royal 
Society in the year 1788.* For the value of a given sum pay- 
able on the death of A and C should B survive A, is evidently 
« the difference between the value of that sum depending on 
the contingency of B's surviving A, and the value of an 
Phil. Trans. Vol, LXXVIII. p. 341. 
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© annuity equal to the interest of the given sum during the life 
« of C after A, provided A should die before B. The first 
of these is E, and if an annuity of of £ 1. by prob. I, be denoted 


by Q, the second will be = = ESED. - The required value 


therefore will be = E — X F . If the — lives be 


r 


equal, the general theorem will become = an 2 — x V- — "CC 


— 2 which may be derived from either of the fore- 
going rules, or from the different series given above. 


PROBLEM IV. 


Jo find the value of a given sum 8, payable on the death | 
of A and C, should B die before one life in particular (A). 


nee,, 
The paymentof S in the first year depends on the contingency 
of the three lives having become extinct (A having survived 
B), which is expressed by - — 1 and therefore the va- 


* 

SAL 1 be — Fm. 
In the second and following years the sum S will become pay- 
able if either of five events should take place. ist, If the 
three lives should drop in the year (B having died before A). 
2dly, If C should die in any of the preceding years, and A 
die after B in that particular year. gdly, If B and C 
should die in any of the preceding years, and only A die in 
that year. 4thly, If B should die in any of the preceding 


lue of S in this year will be = 
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years, and A and C both die in that year: and 5thly, If A 
Should die after B in any of the preceding years, and C die in 
that year. From the different fractions expressing those pro- 


babiliries,the value of werbe band x = +5: a+ e 5 


"+ K-46 EE =+ Kc. + 


— 1 1 * r 
8 Fe ame , Tio -1 
aacr < +5 r + &c. +: * * — * iF, Te &c. The 


three first of these Series are = — x V= p C T AC, | 
and the remaining eight denote the value of S by the third 
problem, with contrary signs. If this last value be called V, 
and the value of an annuity of C 1. on the longest of the two 
lives of A and C be called Z, the required value will be = 


. x 2 V that is, the value of the given sum in 


5 Fo case is the Aon between its 9 after the extinc- 


« tion of the lives of A and C, on the contingency of B's sur- 
« viving A, and the whole value of the reversion after the 
« death of A and C, without any restriction.” This rule is 
zelf-evident, and proves the truth of the foregoing investiga- 
tions. The solution of this problem may also be derived from 
the second problem in this paper, and the third problem in my 
paper communicated in the year 1788.* In other words, the 
value of S in the present case is equal to the difference be- 

« tween its value after the death of A and B, provided B 


„Phil. Trans. Vol. LXXVꝰIII. p. 347. 
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should die beſore A, and the value of an annuity equal to 
« the interest of S during the life of C after A, provided A 
should survive B. Let the first of these values be denoted 
by W,. and the second by X, and the required value will be = 


Wc ==; X. When the three lives are equal, the value 


of the reversion evidently becomes = =" N= ay which 


expression may be easily derived from clther of the rules given 
above, or immediately from the series themselves. 
Having given so many examples of the accuracy of the 
rules in the first and second problems, it becomes unnecessary 
to add any further examples in regard to the two foregoing 
problems, as the solutions of the latter are derived from those 
of the former, and consequently are equally correct in all 


PROBLEM v. 


To find the value of a gi ven sum dt on the A of 
B and C, should their lives be the last that shall fail of the 
| three lives * B, and C. 


SOLUTION. 


the first year the given sum can be received only pro- 
vided the three lives shall have failed, and the life of A have 
been the first that became extinct. In the second and fol- 
lowing years it may be received provided either of four events 
Shall have happened: ist, If all the three lives shall have 
failed in that year, A dying first. 2dly, If A shall have died 
in any of the foregoing years, and B and C both died in that 


r 
n 
4 . 


* contingencies the value of * reversion will be found 


year. gdly, If B and A Shall have both died in the foregoing 
years (B dying last), and C died in that year. 4thly, If C and 
A shall have both died in the foregoing years (C dying last), 
and B died in that year. From the fractions expressing these 


2 a"md , ane am and , if 
r + + e. z + ++ de. 
$ nd eo. 4 +4" 8 1 a” n 
= Taber * N Ke. — * + ++ 


p 3 nf. T 8 td Fae 0 
Ke. — 5h 5 = ; 12 _ 7 e +a ö 75 + 


ane , ad + . 3 ERS 
+ &c. . * 2 us LL 4 &c. + 5 Lots 


24ct F 


—_ T Dir r 8. FCLAIC » 
7 Ter | | 


"8 "+ =. 7 0. IT; 
+ Sn. + —- x—— 4 < + Kc. = 8 into — 


er e 
83 3 eee 2 ee "ON" 1 25 1 * 


BR BE * AE If B and C are both of than ihe 


than A, and also are nearly of the same age, this general rule 
will be sufficiently correct. But if the ages of B and C differ 


much from each other, it is evident that the annuity on the 


single life of the younger of them (suppose C), and on the joint 


lives of AC and AT, ought to be continued only for as many 
years as are equal to the difference between the age of B and 
of the oldest life in the table of observations. In this case also 
there is a further value of 8, after the necessary extinction of 
the life of B, arising from the contingency of that life's having 


failed after the life of A, and of C's having failed after both of 


them. Let z, x, C', and A'C' respectively denote the same 
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** of the first problem, and let ATI“ 
denote the value of an annuity on the joint lives of A and T 

for x years, P' the value of an annuity on the life of P for the 
same term, C* the value of an annuity on a life z years older 
than C, and k the number of persons living in the table at 
that 9 then will the value of the given sum be in this case 


— EN ABC —— RAR 
IK 6 FIFA "PC—APC 8 
EC TY —FERP— 


„ N + 2 . x 
| * | . : | 

-— be the oldest of the three lives, it will be necessary to 
— $—t, t—u, &c. for their equals a, a”, a'"', &c. 
and 0, 5˙5 557 &c. for their equals b—m, m—N, 1 — o, &c. 


In this case let C be supposed the oldest of B and C, and the 
series —_— = value of the reversion 2 = life of 


1 adv Te —＋ ＋ — 2 
. ETETETS 
2 OP —ç T 2 + Ke. 1 * — T? 2 _ + be. — 
ESTs er EO TETETEET 
—SnTFETET® + SZ EEEEG 
r Dn DET > 


Let y represent the difference between the ages of A and of | 
the oldest person in the table, let K, C, B., T., B'C', B/K. 
— = k 


| — AC—ABC __ & NET 


an. HBK i - a0 


: 8. 'NC—N BC 


—_ EE. the tenth series N + 2 = x 
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and B'T', respectively denote the values of annuities on those 
single and K lives for y 275 then will the first and second 


— x MENT —ATF, the third series 
* 1 + NET — _ 


series be = = 


3 | 185 


the fourth and fifth series = FE — e ee. = 


6ac Mo zr 


8 ==: AR—ARE : 
— — * 7 the sixth series = —_ * + 


7 move VB 
2 


, the seventh series = 


the eighth series 
5 * 


2 ninth series =— 


34 
— 42. E e 4. HB 14+AB. 
27 


| and the deventh Series = —— — 2 x 1 FT 2 m order 


to obtain the value of S after the necessary extinction of the 


life of A, let and þ denote the probability that B and C re- 


spectively die after A; E, J, , S &c. the number of persons 


living in the table opposite the age of C at the end of 5. T 1, 


9+ 8, &c. years; þ the number of persons living opposite the - 


age of B at the end of y years; and 5, G., 6, &c. the decre- 
ments of life at the age of B after y T 1, 5 T2, J 3, & c. 
years. In the y + ist year the given sum may be received, 


provided either of three events shall have happened. 1st, If 


B and C shall have both died in that year. adly, If C only 


shall have died, B having died after A in the first y years. 


gdly, If B only shall have died, C having died after A in the 


first y years. The value of S depending on these contingen- 


. $ 8-ET, 8.10). 8.8. png 
cies will be = = x —— +- _— F ver- In the y+2d, 
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y = y + 3d, &. years, the given sum may be received, provided 
either of five events shall have happened. 1st, If both the 
lives of B and C shall have become extinct in the year. adly, 
If C only shall have failed, B having died after A in the first 
V years. gdly, If B only shall have failed, C having died after 
A in the first y years. 4thly, If B shall have failed, C having 
died in any of the preceding years after the first y years: and 
zthly, If C shall have failed, B having died in any of the pre- 
ceding years after the first y years. The series therefore ex- 


| pressing the value of S after the — extinction of A 5 


"ſs will def. all 4 SE 4 IE + 
i= = IM .fr "ng + = 


2 ——_——_— | TE. 
- Saas . E— 2 E | 122 et —0. 8" h—e. 8" 
* = + = 4 + e. + x = 1— 1 * * be. 


8 mh.r—1 0 +: Sp. —1 


— 2 ＋＋ * — B,, supposing C 


and BY respectively to be the values of annuities on the single 


lives of persons y years older than C and B. The other two 
series are a continuation of the tenth and eleventh series in the 


former part of this solution, so that the sum of those four se- 
. 


ries will be = = x T To HT -C— BC þ — —= x 


cr 


2cr 2 


K k 2 


ap 


TFT IEF C'-BC d. TB 4d TED 7 .C--FC 5 
1— * 4 r = op _ . 


15 += &c. — Tr +5 + . T x : 


* —. . THe | 
— + + &c. The three firs of these series are 


— —— 


x CCT ——- 


252 - Mr. M ORGAN on 'Survivorsbips. 


, and the whole value of the given sum will be = 


0 = VL. 1 r ABATAC * 2. HBK 


35 Fi K'— K'— BK — 2. _ AR—ABK 1 5 . HB + 4 - HC-HBC 18 


* NC — NBC + - 2 TH + 28. NT — AT—ABT 


zcr . 
. 1 —. 9.71 — 
Ex VO + þ + paige x VE 


If the three * be equal, the two first rules become S into 


. + Sx1+ EEE ExIFOIT—S x 


CKK 3 * TK — TK. and the Jast rule becomes S 72 : 
3c < = K er 
x 1 IT + TT. If all the expressions, ex- 


— : 


3 


dd 
2Cr - zeer 


cept the first, in these rules be resolved into their respective 
series, they will be found to destroy each other, and the general 


rule in both cases will become simply 2 — = which 


is known from self- evident principles to express the true value 
in this particular case. The same general rule may also be 


obtained immediately from the series which denote the value 
of Sin each year, for in the first year its value will in this 


S. n 
case be = 8 —, in the second geeſe FEY — 
S. ec. 2 * 7 8. = . — | 
— ö cir | * 
$. c—e}* 


r a 1 and so on; hence the whole value will we = = 


S 


3 + Tc. +> 3 + . 8 


PROBLEM VT. 


To find the value of a given sum payable on the death of 
C, provided A should be the first, B the second, and C the 
third that hall fail of the three lives A, B, and C. 


soruriox. 


When Ci is the oldest of the three lives. To receive the given 

sum in the first year, it is only necessary that the three lives 
should become extinct in the order specified in this pro- 
blem, and therefore the value of S for this year will be = 


S. b—m. D a 
"oabcr 


received, 3 either of three events shall take place; : 


In the second year the given sum may be 


ist, That all the lives fail in the order required by the pro- 
blem. 2dly, That B dies after A in the first year, and C dies 


in the second year. gdly, That A only dies in the first year, 
| and C dies after B in the Second nd year. Hence the value of S 


| x: 3 mn d=e.d S.b<m. E #2 a' 
for this year will be = SE þ LE + 


Fr given sum in the third year 


2abcr* 


either of the same events must take place. ist, The three lives 
must drop in the order stated above; or 2dly, B must die after 
A in the first or second year, and C die in the third year; or 
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_ gdly, A must die in the first or second year, and C die after 
B in the third | year. The value therefore of S for this year 
will be. . 27 E. = AzLM 


6abcr? 2abcr® zabcr3 
By Ning the same steps during C's life, che whole value 
7, 27 — 2 
8 
5 * 
1 ZT Þ &c. + 
&c. = Sint Tz e + 8 
= TH ä & FC — AFC De 
" EFT. 


When B is the oldest of the three "OY it is ** that none 

of the foregoing series ought to be continued beyond the ex- 
tinction of B's life, and that after this period the payment of 
the given sum will depend simply upon the failure of C's life 
in each of the remaining years, A having previously been sur- 
vived by B. Let the difference between the age of B and of 
the oldest person in the table of observations be denoted by æ, 
the probability that B dies after A by , the value of an an- 

mnuity on the life of a person æ years older than C by Ce, the 
number of living at this age by k, and the values of annuities 
on the single and joint lives of A, C, and T for æ years by C T., 
A'C' and A' T', then will the required value in this case be = 


— I — — eR—cn——tre—t ne. 8 
* 9. FK — AFK | FA Foo) BC ASC m 
S into ⁊ x = 5 — BK — ABK + — TIC 
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 d.PT<APT F N — — CLAY. 
* "+ „ Th | + 2r + | 
= _ Tz 8 
er- 


When A is the oldest and B the youngest of the three tives, 
let the symbols be changed which denote the decrements and 
probabilities of life of A and B; let z be the difference between 
the age of A, and the oldest person in the table, and the whole 


value of the — sum 3 the life ao A will . = = 7 x 


LE 


2 55 += 
. — 


* —_ += + —— 2 > Kc. Loet k, 3 E, ſg Kc. denote the 


number of persons Node opposite the age of C in the table at 


the end of 2, 2 + 2 J 1, 2 T2 2, &c. years, G', “, G, &c. the de- 
crements of life opposite the age of B at the end of those years 
respectively, ⁊ the probability that B dies after A, and C- the 

value of an annuity on a life z years older than C; then will 


the value of 8 in the Z + 1: Ist year (depending on the contin- 
gency of C's dying after B in that year, or of C's dying in 

that year, B having died after A in either of the foregoing z 
years) be expressed by = Ef + = 5.252 In the z + 2d, 
2 + 3d, &c. years, the payment of S will depend upon either 
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2 56 
of three events: ist, Of C's dying after B in that particular 
year. 2dly, Of C only dying i in that year, B having died in 
either of the preceding z z+1 1, 2 Þ 2, &c. years : or, gdly, Of 

C only dying in the year, B having died after A in the first 2 
years. Hence the whole value of S, after the necessary ex- 
tinction of the life of A by the table, will be = X- — — + 


+ fp n+ DE ac. + 


— = * d Ce; the other two series R added to a 


four first series in this solution, their sum will be found = 


FI. FRE O 3 1 FO : 
A Tur 


(r. BT, and B'C' denoting the values of a annuities on those 


single and joint lives respectively for 2 years.) The fifth and 
= . HK AC T. v ABC 


Sixth series in the solution are 


34e i 27 ET, * 
the seventh and eighth series Are = 2 _ _ + "= 
AT XET. ABT the ninth is = a x NC—NEC — & « 
K — AMR. and the tenth | IS = == & 1+N NTB - — anc 


Hence the whole value of the 5 sum in this case is 


—. L WN „ 
8 into 7 al N + wy 


27 „ | 


2 TF r 1 — NBC 


72 . HC HBC + TE 24.557, E _C> 


C 


When At is the oldest and C the Jounges! of the three lives, the 
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symbols c, c“, c“, &c. must be substituted for Cong d, d—e, 
e —f, &c. and the symbols b - m, m— n, n— o, &c. for &, 
* 5 &c. and the value of the 1 sum for the first z years, 


or during A's life, will be = = = === * * + = += 4 4 &c. 


—# Wy mie , EO , Fa amc 
3 * * * A +; a 


+ &c: + age = ++ + &c. + 25% 
3 922 T T e. = + 
+ + &.....(z). Let 5. fr », E. &c. represent the 


number of persons living in the table opposite the age of B 
at the end of 2, 2 +1, 2 T2, &c. years, and , , , &c. 
the decrements of life opposite the age of C at the end of those 
years respectively; then, by reasoning as in the foregoing 
case, the value of S after the — extinction of the life 


of A will be === xt= ETD TT +mp 
Ee ED + EE he $i eee 
This last series is = * 2 2 * C-. The other two se- 
ries may be resolved into 2 4 of T4 _ + &c. — 7 * | 
S TATA Tor 5 +57 + &c. The 


first of these is - _ * = C*; the second (supposing 


F'C' to denote the value of the joint lives of F and C for ⁊ 


FC—FU — 
years) is = — — 2 — the third is a continuation 


25 
of the seventh series in this Solution, and therefore the whole 
Mpccxciv. LE 
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BC 1e 


of that series is = — — — — The first series in this 


CESS... | SR So. : | 
Solution is = = ASC — — zue, -, the second 1s == _ X 


NB — NBC — — 5 —, the third is = 55 x HB — HEC 


m. Ar APC 


— „the fourth i is = 
| | — 


fifth i is = — 3 => l the sixth i is = . 1e. . The 


2a 2 
whole value therefore of the given SUM may be found = 1 


into "5 « V— 30+ C= A + EE 4 4x 


* * 55 — ae the 


| 2 "AF — AFC : —_— "HB — BC 
Fe FT — | — = 2 — 7 + HC 


+2 xNB= NBC + = I. Fre 
1 3 7 Tz 
* I 


When the lives are all equal, the expression Ge 2 


FK . 
—— in the first 


2 85 ”" 8 + 
and second rules becomes * 2 , the expression T 


6r 2 5 
Wo A LT i 
becomes = — Fear -, © 


2c 21 


— — vi = = —— _ » SO that those rules become 
2c 2Cr 2r 


1 
” and the expression; 7 — 


8 into A — = x TK=TCK +414 


e e ef Inthe thin rae deeper 


ele CC d — ITO 
<= E — - become — 3 X 1— CT, 


SO that 1 in this case the value is = 8 1 


T — TT — = x CK += = WY 2 + £ x 1FOTT: 


and * the fourth rule it becomes = — 8 into 2. —= ＋ — 


or 2 
- Tor . CKK d 2, CCT 
2CK — = 


2 oc 2Cr zer 8 
1 + CTT. If the values of the joint lives in nh of chose 
rules be resolved into their respective series, all the expres- 
sions, except the first, will be found to destroy each other, and 


the general rule in all of them will become simply — 2 
which from self- evident principles in this particular case, is 
known to be the true value. A similar result may likewise 
be immediately obtained from the series themselves; for the 
value of S for the first year is easily found i in this case to be = 


F FI 5 dd 3 = S ce 7 828 
S 55 == for the Second year = * Hon 
"ad ee ee e F= cu 


22 — — — — 5» forthe third per — 


ee 855 5 e Apa 
TT 2 
2c 


2 os and SO on for the other years. 


Hence the whole value i is * . =. . en, 2 E. D. 


It! is to be observed, that the fractions 2 3 222 —— 


aber? ann 
| &c. do not accurately express the value of S on the Second 


contingency in this problem ; but that according to the lemma 


they Should have been = Dd nd — — &c. 


e _2abcr® 


In order to determine how near the former? approach to the 


When B 15 the oldest 1 fractions are = 2 . 200 + 11 * 


27 „ 


BT—ABI'—T — When A is the oldest they are 8 —B 5 C—AC+ ABC + 


— x AT—ABT—T—ET. 


L12 


i * 
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| true values, I have in the following examples undergone the 


labour of separately computing each of those latter fractions, 
and the results appear to differ so little from the approximated 
values, that I think a greater degree of accuracy need not be 
required. N . 


Value of { 100, payable on the contingency in this problem, com- 
buuted from the Northampton table, at 4 per cent. 


＋5Vw . pps ns EIEIN 
ES _ Value by | Correct | 
RR BR TT © 


10 8 80 | 1.467 | 1.498 | 0.029 
1 73 | 2.233 | 2.150 0.083 
1X - 9% $5 | $.902 | $.309 | 0.179 
. ͤ LS | Lan 1 os 
20 0&6; 64 3.031 2.912 | 0.119 
20 G65 70 | 2.588 | 2.580 | 0.008 
70 80 78 | 9.457 9.568 0.89 
70 80 35 10. 109 9.618 | 0.491 


I have chosen those cases in which the approximation was 
5 likely to have been most inaccurate; for if the ages of A and 
B are either both younger, or differ less from each other than 
they do in these examples, it is obvious that the foregoing 
rules must be still nearer the truth. I have also uniformly 
supposed the life of B to be older than that of A, and of conse- 
quence the approximated value always errs in excess; if the 
life of A had been the older of the two, it would have been 
found to have erred in defect, and nearly to the same amount. 
But as, in this latter case, the value of the reversion is greater 
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than when B is the older liſe, the error must necessarily bear 


a less proportion to the whole value than it does in the pre- 
ceding examples. 
With regard to the fifth problem, the error in some cases is 


greater, in others less than in the present problem. If B and 


C are both older than A it will be nearly twice as great. of 
one is older and the other younger, it will be altogether incon- 
Siderable ; for the fractions which express the probability of 


the older of Band C dying after A will be as much above the 
truth, as the other fractions expressing the probability that the 


younger of these two lives die after A will be below it, and 


thus the errors of one correct those of the other, and render 
the computation almost perfectly accurate. I have not given 
any examples to that problem, not only as the correctness of 
its rules may be inferred from the examples which have been 
given to those of the present problem, but as I wished to make 
as few additions as possible to a paper, which having engaged 
aa large portion of my time and attention for the last three 
years, has already become too long, and for which my only 
| apology is the attempt to give correct, and not very laborious, 
solutions to some of the most difficult and complicated c cases 
in the doctrine of survivorships. 
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XVIII. Observation of the great Eclipse of the Sun of Sept. 5, 
179g. By John Jerome Schroeter, Eg. Communicated by 
George Best, Esq. F. R. S. | 


Read May 15, 1794- 


Arrnoven the weather, owing to temporary clouds and 
flying showers, have at times been somewhat unfavourable, 
It was yet upon the whole sufficiently clear to admit of a good 
observation, to which the su — of my instruments was 
not a little conducive. 
Having prepared my hand digs, ws a v beet reflector, 
with a power magniſying 30 times with great distinctness, and 
with a field that took in more than the disk of the sun, I watched 
attentively for the first contact, but was prevented by some 
intervening clouds: the first glimpse, however, I had was im- 
| mediately after the immersion, which took place at the north- 
west edge of the sun; and it was as yet 80 very trifling, that 
had it not been for the excellence of my instruments I should 
| hardly have perceived it; and I am well assured that the first 
contact did not take place above 4, seconds before this instant 
of time. This observation was, according to true time, (cor- 
rected by g equal altitudes on the 4th and 6th) on the zth Sept. 
at 10h 26“ 59“, g; so that the first contact must have been at 
10h 26' 55”. The distance of the cusps I could not observe. 
Ihe end of the eclipse was, on the other hand, observed with 
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much more accuracy; for although the sun was at this time fre- 
quently covered by clouds of different densities, yet by means 
of a variety of glasses, which I applied occasionally to the eye- 
glass of my telescope, I was enabled to see distinctly the 
decreasing obscuration, which during the g last seconds was 
scarcely perceptible, although certainly still existing, the orb of 
the sun not being perfectly complete till after the expiration 
af the last- mentioned interval, which ended at 10 g2' 54” true 
time. All these observations were made with the abovemen- 
tioned 7-feet telescope, made by professor SCHRADER, magni- 
fying 50 times. . 

During the intermediate period of the eclipse, the atmosphere 
being tolerably serene, I was enabled by the excellence of this 
telescope, and a large 19-feet reflector, to make a very inter est- 
ing observation, which led to some important inferences. : 

1. All my telescopes, even the g-feet achromatic, applied to 
my quadrant, shewed the globular body of the moon like a 
dusky grey orb floating before the sun, its faint _—— becom- 
ing somewhat brighter towards the rim. 

2. Both myself, and several other pereons who were then 
with me, perceived soon after the beginning of the eclipse three 
high ridges of mountains on the south- east border of the moon 

projecting sensibly into the disk of the sun; one of them ap- 

pearing to be a long and considerable mountainous range, and 
the two others to the westward being more in the shape of 
prominent points. This was seen with the 7-feet reflector 
magnifying only 30 times, but this very distinctly: 1 applied 
a power of 160, together with the projection machine, and 
found that the two last- mentioned points were from 24 to 28 
seconds asunder; that the long eastern range was somewhat 
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more distant from the nearest of the former, and that all of 
them projected, if not 4, at least g seconds beyond the rim of 
the moon; so that their height from the said rim could not be 
less than three - quarters of a German mile. It occurred to me 
that these probably were parts of the very high mountainous 
region Doerfel (v. Selen. Fragm. Tab. IV.); I delineated them, 
and compared them with my charts, and found that, though 
according to the present libration of the moon their projection 
ought not to be precisely as here represented, the coincidence 
was yet sufficiently striking. 
« Soon after, when the south-western limb of the moon had 
advanced alittle further on the disk of the sun, I discovered on 
this part another equally prominent mountainous range, which 
I also measured and delineated. It consisted of a ridge one 
minute and from go to 40 seconds, and therefore not less 
than 2g or 24 geographical miles, in length; and four i insu- 
lated mountains to the westward, all projecting from 2 to 3 
seconds beyond the rim of the moon; these I had little doubt 
must be parts of the very lofty mountainous region Leibnitz, 
which a particular libration now presented in such a Projec- 
tion to our sight. 
About noon, the eclipse being then at its greatest obscu- 
ration, I ventured to direct my excellent 1 g-feet reflector to 
the dim light of the sun; and now the dark orb of the moon, 
and its lofty mountainous rim to the southward, appeared with 
such uncommon, and in a manner palpable distinctness, that 
the impression of it can never be effaced from my imagination. 
I at the same time distinguished between these high ridges, 
other less ones, which however were equally well defined, 
but which I had not perceived with the 7- feet reflector; and 
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the contrast between several lofty ridges, and the smooth 
almost regular rim of the moon to the westward, was here 


sufficiently striking. 


g. Not having for several days before, and like wise on the 


very day of the eclipse, noticed any spots on the disk of the 
sun, three small ones only excepted, which were perceived on 
the agth of August; and it appearing very remarkable to me 
that, with this particular modification of the atmosphere of the 
sun, none of its blazing spots should be perceptible; I confess I 
was not a little surprised on viewing the sun's disk with my 

large reflector, to find that no, either dark or blazing, spots ap- 
peared on the luminous part, but that the whole visible disk 

was in a manner marbled, or covered over with whitish, more 

or less faint, nebulosities; as I had indeed seen it some years 
ago with my 7-feet HERSCHELIAN telescope, but by far not in 
so striking a degree. I at the same time discovered, westward 


towards the rim of the sun, a very small but distinct blackish 


spot, which other observers with inferior telescopes may well 
not have noticed, since I myself could not see it with my - feet 
SchRADERIAN reflector. Some other observations I have 
made I shall reserve for the present. 


Lihenthal, 
7%; 


" WDCCXCIV. — 


L 266 J 


XIX. Experiments and Observatins made with the Doubler of 
Electricity, with a view to determine its real Utility, in the in- 
vestigation of the Electricity of atmospheric Air, in different 
degrees of Purity. By Mr. John Read. Communicated by 
Richard Henry Alexander Bennet, Esq. F. R. S. 


Read * 15, 1794. 


Ir is is scarcely necessary to obeerve, that having removed the 
_ uncertainty respecting the electrical action of this curious 
instrument, by demonstrating (after much care and pains, as 
is particularly expressed in my tract on Spontaneous 8 
city) that the electricity of the doubler is alone derived from 
the common electrified aqueous vapour suspended in the air; 
I shall, without any further explanation, beg leave here to. 
express my thoughts in terms 3 to that demonstra- 
tion. 
When I employ the doutler to investigate atmcepheric | 
= electricity, I use it with its revolving plate uninsulated, when. 
opposite to that fixed plate which is insulated ; because, with 
respect to insulation, that position of the doubler exactly 
corresponds to the insulated and uninsulated parts of my high 
pointed rod, and of course their electrical accumulation will 
always be of the same kind in all weak electrifications of the 
atmosphere. To avoid repetition, permit me here also to 
mention, that care has been always taken to clear the doubler 
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of its former electric charge, before I proceeded to accumulate 
another. 

Some observations which I made some time ago, induced 
me to suspect that air, by being vitiated even in a small de- 
gree in various ways, as by respiration, putrefact ion, &c. lost 
a portion of its natural electricity, and became thereby elec- 
trified negatively: the following facts seem to substantiate 

this supposition. The room I usually inhabit being of small 

dimensions, is on that account more liable to suffer a change 
in the electrical state of its air than a larger one; and having 
been often struck with the constancy of the doubler charging 
negatively in it, whereas in the open air, and often in the ad- 
joining room, which is larger, the doubler would give positive 
electricity; I saw nothing to occasion this difference between 
the two rooms besides what could be attributed to the respira- 
tion and to the usual effluvium of my body. I was therefore 
curious to try on the gth of July, 179, whether a change 
could be effected in the electrical state of the air in the large 
room by the same means. The weather being very hot and 
serene, therm. 75, I invited a second person to sit with me in 
this room during the space of 20 or go minutes, with the 
door and windows close shut up; I placed myself nearly in 
the middle, and my companion at the side of the room. At 
the end of 20 minutes I was in a profuse perspiration, which 
according to my ideas must promote the business in hand; 1 
therefore worked the doubler, and found the experiment 
to succeed a to my expectation, as it now gave nega- 
tive electricity. 
Suspecting that similar 3 must take place during sleep 
in my bed-room, which is on the north side of the house, [ 
M m 2 
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examined the electric state of the air both within and without 
the bed-room a little before I went to rest, and found: it posi- 
tive by the doubler. I arose at six o'clock next morning, and 
worked the doubler, and it quickly became electrified negatively. 
But as it often happens, in completing one discovery we get an 
imperfect knowledge of others, I was surprised to observe, by 
the action of the doubler, to what a great degree the air in the 
room was deprived of its insulating quality; for although the 
doubler accumulated electricity in every revolution strong 
enough to enable me to ascertain its kind, yet its electric 
charge was conducted away almost as quickly as obtained. 
With a view to determine what happens in the upper part 5 
of the house, I went up into the garret, and found it close shut 
up, and the air within it was excessively hot, and in some de- 
gree noxious; therm. 80%. After a very few turns of the re- 
volving plate, the doubler became electrified negatively: 1 
immediately set the door and windows wide open, and another 
door which opens over a bow window, to let in fresh air; but 
the wind blowing moderately strong from the east, and the 
bow window door being at the north end, and the windows at 
the south end of the garret, made it unfavourable for an east 
wind to drive through it, therefore its electric state remained 
the same in kind after they had been opened, as when shut; 
for I examined it at several intervals of time : yet the state 
of the air became thereby considerably better to breathe in. 
These facts will appear still more extraordinary, when we 
consider that the general state of atmospheric electricity at 
the time of performing these experiments was of the po- 
sitive kind, as appeared by the doubler when placed on the 
wood hand- rail of the bow window, which is only three 
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feet and six inches out of the garret. Had the direction of the 
wind been north or south, it would have passed through the 
garret with force, and would, no doubt, have changed by re- 
gular gradation its electricity to positive; a fact that I have 
often observed to succeed very quickly. ; 
I likewise observed, that when the excessive heat of the sun 
was full upon any other room in my house, it was capable of 
effecting a change in their electrical state, excepting in those 
which were under ground ; for in the two kitchens, open area, 
and coal-yault, the doubler became electrified positively; in 
the two former rooms speedily, but in the two latter, that lay 
more to the sun, slowly. I have observed before, that the air 
in the garret was infected with a noxious exhalation, which I 
now judge came from the wearing apparel laid up in it: 
| whereas the air in the kitchens was not only much cooler, but 
perfectly clear of all offensive exhalations. However, on the 
17th of July, the two kitchens were white-washed and paint- 
ed, and of course were filled with a noxious effluvium. The 
day after, I worked the doubler in the kitchens, and by a very 
few turns of the revolving plate it gave negative electricity. 
Knightsbridge charity-school fills up a piece of ground be- 

tween the north end of the chapel and Hyde-Park wall; and 
the main sewer of that neighbourhood runs at no great depth 
under it; the number of children educated in this school is 
thought by some to be too great for the size of the school; on 
these accounts it becomes infected with a very disagreeable 
stench, especially when the door and windows are shut up; I 
have sometimes found the noxious effluvium so very strong in 
this school, that I have hastened out to breathe a purer air. I 
have often examined the electrical state of the air in this 
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school with the doubler, and have always found it strongly 
negative; which shewed that the aqueous or other conducting 
matter lodged in the air of the school, possessed less than 
their natural quantity of electricity; while that of the school- 
master's parlour adjoining, having nobody in it, possessed some- 
as | what more than its natural quantity, it was found therefore 
= positively electrified. 
July 5th, therm. 76, I went to the school, and found the 
door and windows set wide open to let in cool air; I now per- 
ceived no stench at all in the school, and thought it needless 
to try it. However the school master observed that the further 
end of the school was at all times most infected with, and 
seldom quite clear of stench. I therefore worked the doubler 
In that part of i = and after a very few turns it became electri- 
fed negatively, rather against my expectation. I then tried 
=_ Ts the other end of the school, which, by the door being wide 
1 : open, was less liable to retain any noxious effluvium, and 
there the doubler gave pos tive electric ty. After this I tried 
tit in the schoolmaster's parlour, where it was p-sitive also. 
= July goth, I had the curiosity to examine with the doubler 
the electrical state of the air in the wards of the Lock Hospital. 
In the two small men's wards it was found negative in every 
part. The floor of the large or long ward had been washed, 
and the boards were still wet; the windows in the east side, 
and the large one in the south end, were all open; therefore 
there was but very little offensive smell in the south end of this 
ward, and here the doubler became electrified positively: but 
the great window in the north end of this ward being close 
shut up, caused a sensible closeness in the air, accompanied 
with a slight smell; and in this end of the ward the doubler 
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gave negative electricity. The door and all the windows in 
the women's long ward were set wide open; the open win- 
dows at each end of this ward being nearly in the direction of 
the wind, gave it a complete passage through it; of course, 
the wind blowing at that time with a brisk gale, ventilated this 
ward completely, for there was no offensive smell in it; how- 
ever, I tried the state of the air in several parts of it with the 
doubler, in all of which it gave positive electricity, the same as 
it would have done in the open air on the outside of the 
building. 
December 6th, 1 observed in the garden a heap of the Jop- 
pings and leaves of shrubs, in a state of putrefaction, which in- 
_ duced me to examine their volatile effluvium with the doubler, 
which I placed upon the heap, and on working it, it became 
possessed of a weak negative electricity; for it required more 
than thirty turns of the revolving plate to effect a good charge, 
whereas | in the privy (which is-at a small distance from the 
heap of leaves) the doubler became strongly charged with less 
than half that number of turns, and with the same kind of 
electricity. This, indeed, I expected would have been the 
case, because I have always observed the doubler to give ne- 
gative electricity | in a privy; but that the rotten leaves should 
be able to maintain that electric state in the open air, is truly 


wonderful, when it is considered that the surrounding atmo- 


spherical electricity was of the positive kind, and rather strong- 
ly so, both by the doubler and the high pointed rod. I am of 
opinion that I should not have given due attention to this fact, 
if it had not so happened that the doubler had not been used 
for near two weeks before; it was therefore evident, that it. 
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must have been wholly deprived of every particle * its ſormer 
charge. 
The day after this, the heap of leaves was laid. open, and 
every twig and leaf exhibited a covering of white mould; but 
after this, the doubler always gave the same kind of electricity 
when worked on the leaves, as in any other part of the open 
air, namely, positive. In order to be fully satisfied in this 
matter I determined to try it on a large dunghill, whence a 
greater quantity of putrid effluvium must ascend. I also re- 
solved to make the experiment when the air was sharp and 
frosty, because then the atmospheric electricity is not only of 
the positive kind, but uniformly the same in all places, from 
the surface of uncontaminated earth to any height we can go. 
The weather on the first day of January, 1794, was quite such 
as I desired for this business, that is, it was . and accom- 
panied with a very slight dry fog, therm. g 15. 
I conjectured that Mr. TATTERSALL (a dealer i in horses in 
my neighbourhood) might be possessed of a large dunghill; I 
therefore went to his house, and was taken into his garden, 
| where there was a great quantity of it. I first went upon the 
highest part of the dunghill, and held the doubler in one hand 
a little above the dung, yet within the reach of the ascending 
pale coloured vapour, and with the other I turned the revolv- 
ing plate five or six times, by which means the doubler became 
electrified positively: ; which was known to be at that time the 
general electrical state of the atmosphere. The doubler was 
now lowered, and placed upon the dung; and here also it be- 
came charged by a few turns of the revolving plate, which 
made me suspect that I had not completely cleared the doubler 
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of its ſormer charge; however, on trial ĩt was found to be elec- 
triſied negatively. This remarkable ſact fully satisfied me that 
I had not deceived myself in the first experiment on the _ 
of leaves above mentioned. 
I repeated these experiments, with the doubler placed on 
various parts of the dunghill, without any remarkable variation 
in the results, except that the negative state of the exhaled 
vapour was stronger, and extended to a greater distance, in the 
depressed or hollow parts of the dung, where the vapour was 
less exposed to a moderate gale of wind that then prevailed, 
than on the open parts which lay full to it. I have reason to 
be of opinion, that the negative state of the vapour on the 
windward side of the dung did not reach so high as the re- 
volving plate of the doubler when turned up, so that in every 
revolution it must pass through electrified and neutral vapour, 
which required in those situations from thirty to forty revo- 
lutions to obtain a small charge. From this circumstance I 
am inclined to think that if a doubler were made of very small 


dimensions, and placed in the neutral space between the two 


electric powers, it would be impossible to accumulate with it 
any spontaneous electricity. 
I was solicited to try the state of the air in the hot-house 
with the doubler, to which I very readily consented. I found 
the air in it agreeably warm, and full of moisture, which was 
condensed on the glass roof, and fell down in large drops. The 
doubler also, having been long exposed in frosty air, quickly 
attracted and condensed the humid particles upon itself, so as 
to form a coating on all its parts. I therefore hastened to make 
the experiment; yet under all these unfavourable circum- 
ances the doubler became electrified negatively after about 
uccxciv. e 
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fourteen revolutions. As I perceived no smell in this close hot- | 
house, I am inclined to attribute the negative electric state of 

the vapour to the heat of the fire and vigour of the plants, 
which possibly may absorb the fluid faster than it could get in 
through the floor, which is rendered * dry by flues that lie 
on three sides of it. N 
Without even attempting to e in this place how far 
the influence of electricity is concerned in all sorts of vitiated 
air, it will be sufficient to remark, as it clearly follows from the 
preceding experiments, that air infected with animal respira- 
tion, or vegetable putrefaction, is always electrified negatively, 
when at the same time the Surrounding atmosphere! is clectri- 
ted preg] 
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XX. Tables for reducing the Quantities by Weight, in any Mir- 

ture of pure Spirit and Water, to those by Measure; and for 
determining the Proportion, by Measure, of each: of the two 
Substances in such Mixtures. By Mr. George Gilpin, Clerk 

to the Royal Society. Communicated by Sir Charles agen, Is 
Kut. Sec. R. — 


Read June igth, 1794. 


F are tables are founded on the experiments of which the 
results were given in the Report and Supplementary Report on . 
the best method of proportioning the excise on spirituous 
1liquors.* They are computed for every degree of heat from go 
to 89", and for the addition or Subtraction of every one part 
in a hundred of water or spirit; but as the experiments 
themselves were made only to every fifth degree of heat, and 
every five in the hundred of water or spirit, the intermediate 
places are filled up by interpolation in the usual manner, with 
allowance for second differences. 
Every table consists of eight columns, and there are two 
tables for every degree of heat. In the first column of the 
first of the two tables, are given the proportions of spirit and 
water by weight, 100 parts of spirit being taken as the constant 
number, to which additions are made success ively of one part 
of water from 1 to gg inclusively. The first column in the 
second table has 100 parts of water for the constant number, 
with the parts of spirit decreasing successively by unity, from 
| Nne — 


completed; that is, the bulk of the whole mixture after the 
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100 to 1 inclusively. It must be observed, that each of these 
tables occupying one page, is divided in the middle for adapt- 
ing it more conveniently to the size of the paper; but the. 
whole of each page is to be considered as one continued table. 
The second column of all the tables gives the specific gravities 
of the corresponding mixtures of spirit and water in the first 
column, taken from the table of specific gravities in the Sup- 
plementary Report, the intermediate spaces being filled up by 
interpolation. In the third column 100 parts by measure of 
pure spirit, at the temperature marked on the top of every 
separate table, is assumed as the constant standard number, to 
which the respective quantities of water by measure, at the 
same temperature, are to be proportioned in the next column. 
The fourth column, therefore, contains the proportion of water 
by measure, to 100 measures of spirit, answering to the pro- + 
portions by weight in the same horizontal line of the first 
column. The fifth column shews the number of parts which 
the quantities of spirit and water contained in the third 
and fourth columns would measure when the mixture has been 


concentration, or mutual penetration, has fully taken place. 

The sixth column, deduced from the three preceding ones, 
gives the effect of that concentration, or how much smaller the 
volume of the whole mixture is, than it would be if there was 
no such principle as the mutual penetration. The seventh 
column shews the quantity of pure spirit by measure, at the 
temperature in the table, contained in 100 measures of the mix- 
ture laid down in the fifth column. Lastly, the eighth column 
gives the decimal multiplier, by means of which the quantity 
by measure of standard pure spirit, of ,825 specific gravity at 
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50 of heat, may at once be ascertained, the tem perature and 
specific gravity of the liquor being given; pursuant to the idea 
suggested in the Report, that © the simplest and most equitable 
method of levying the duty on spirituous liquors would be, 
* to consider rectified spirit as the true and only excicable 
* matter.” 
It may be proper to add a short account of the method pur- 
sued in computing some of the columns of these tables. Co- 
lumns I. II. and III. require no other explanation than 
has been already given. Col. IV. is obtained thus: divide the 
specific gravity of the pure spirit, at the temperature in the 
table, by the specific gravity of water at the same temperature: 
then, for the first of the two tables for each degree of heat, the 
proportion is, as 100 is to the quantity of water by weight in 
the first column, so is the quotient of the abovementioned di- 
vision to the quantity of water by measure sought; for the 
second of the two tables the proportion is, as the quantity of 
spirit by weight in the first column is to 100, so is that aame 
quotient to the quantity of water by measure sought. | 
Col. V. requires more calculation. The first step is to com- 
pute what the specific gravity of the mixture in question would 
be if no concentration took place; to obtain which, the constant 


number 100 (indicating the quantity by measure) of pure 8p irit, 


is to be multiplied by the specific gravity of pure spirit at the 

temperature in the table, and the corresponding measure of 
water in the fourth column is also to be multiplied by its specific 
gravity at the given temperature; these two products being 
added together, their sum is to be divided by the sum of 
the absolute quantities of spirit and water by measure in 
the same horizontal line of the third and fourth columns: 
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then the proportion is, as this quotient (or what the specifie 
l gravity would be without concentration) is to the real specific 
_ a gravity as found in the same horizontal line of the second co- 
lumn of the table, so is the sum of the quantities of spirit and 
water in the third and fourth columns — to the bulk of 
the mixture. 
Col. VI. is obtained by subtracting the real bulk of the mix - 
ture in col. V. from the sum of the quantities of spirit and 
water in col. III. and IV. the difference between them being 
the diminutian occasioned by the concentration on that whole 
quantity. Col. VII. is obviously to be computed by the fol- 
lowing proportion: as the bulk of the whole quantity of the 
mixture in col. V. is to 100 (the constant quantity), so is 100 
3 _ to the quantity of pure spirit per cent. at the temperature of the 
_ ale. Col. VIII. is formed by reducing the volume of the spirit 
—_—c per cent. at the temperature of the table, to its volume at 60*, by 
the following proportion: as, 825 (the specific gravity of pure 
spirit at 60')1s to its Specific gravity at the given temperature, 
so is the number in the seventh column to the volume of pure 
Spirit, at 60 of heat, contained in 100 parts by measure of the 
mixture at the temperature of the table : this divided by 100 is 
the decimal multiplier sought ; the product of which into any 
measure of a spirituous liquor of the corresponding specific gra- 
vity and temperature, will be the true quantity of standard 
pure spirit, at 60 of heat, contained in that liquor. 
It may very probably be thought right, for the future use 
of the revenue, to compute another set of tables, in which the 
degree of heat standing at the head of each table, the first 
column of it shall be even numbers of specific gravity. This 
would be proper for looking out at once ile quantities of spirit 
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ey water in a mixture, from its heat and specific gravity, 
as immediately determined by experiment. For scientific pur- 
poses also, tables should be constructed to shew the regular 
increments and decrements of the concentration, by equal va- 


riations in the proportions of spirit and water: but these, and 


others of a similar nature, which might be suggested, do not 
2 to the present * N C. B. 


Mr. GiLeiN's Tables 


HEAT 30% 

III.] IV. 4 V. {| VI. VII. VIIL. I. II. [IL 

ri Water | Bulk of Dimiau- Quan- [Decimal {| Spirit and | Specific Spirit 
w | by | mixture, | tion of | tity of | multi- Water by | gravity. by | | 
mea- measure... bulk. | Spirit | pliers. {| weight. | I mea- measure. 
zure. 4 per cent. | sure. 23 

2 4 3 p-+W | 

100 | — | 100,00 | — 1000, 001,169 0 + 50, 91023 [100 

— | 0,84 | 100,72 | 0,12 99,281. 096 5191111 — 

— | 1,68] 101,45 | 0,23 | 98,57}1,0024 5291197 — 

— | 2,51 | 102,18 | 0,33 97-87] 9953 53591282. — 

_— | 3-35 |_102,91 | 0,44 | 97,18] 9882] 54491366 | — 

4-19 | 103,64 | 0,55 96,49 9812100 + 55þ91449| — 

5,03 | 104,38 | 0,65 95,80 ,9743 5691531 | — 

5,87 | 105,12 | 0,75 | 95,13] 9674 || $7-91012 | — 

6,71 | 105,87 | 0,84 | 94,46| ,9606 53/-91691 | — 

7:54 |_106,61 | 0-93 | 93.80] 95395991779 | — 

38 cs 

| 2 


nner 


— 

84,73 I Wer 

20, 90 118,75 | 2,21 | 84,18| 8560 100 + 75.592889 — 
21,80 | 119,53 | 2,27 | 83,64| ,8505 701,92951 | — 
22,63 | 120,31 | 2,32 | 83,10} ,8451 775930124 — 
23-47 | 121,09 | 2,38 82,57 ,8397 7893078 | — 
24,31 | 121,87 | 2:44 82.528344 2923132 — 
25,15 122,05 | 2,50 81,53 „8291 100 + 80,93191ʃ — 
25,99 123,432.56 81,02 „8239 81093249 — 
26,83 124,21 | 2,02 | 80, 51,8188 _ 82],93306 | — 

' 27,66 | 124,98 | 2,68 80, 018137 833193363 — 
23,50 | 125,76 | 2,74 | 79,52| ,8087 | 8493419 | — 

— | 29,34 | 126,53 | 2,81 | 79,03| 8037 fſioo + 85193474 | — 
3} — | 30-18 | 12731 | 2,87 | 78,55| „7988  86],93529 | — 
4 31,02 | 128,09 | 2,93 | 78,07 579391 87 93583 1 
| — 31,86 128,87 | 2,99 | 77,60 „7891 88.936364 — 
— | 32-09] 129,65 | 3,04 | 77,13] »7844| 89]-93689 | — 
— | 33-54 | 130-43 | 3,11 | 76,67 ,7797 io + g0l-93741 | — 
| — | 34-38] 131,21 | 3,17 | 76,21] 77531} 9193792 — 
— | 35-22| 131,99 | 323 | 75,76] 7705 92] 93343] — 
— | 30,05 | 132,77 | 3,28 75,32 76 93593893 — 
— | 36-89 | 133-55 | 3-34 | 74-88] 7615 9493942 | — 
— | 37-72] 134-33 | 3-39 | 74-44] 7570100 + 95þ-93991 | — 
— | 38,56] 135,12 | 3,44 | 74,01 7526 g96þ,94038| — 
— | 3949 | 135-90 | 3,50 | 73-58; 7483 97þ94985 | — 
— | 49-24 | 136,69 | 3,55 | 7316} ,7440} 98941314 — 
— | 41,08] 137,47 | 3-61 [72,741 7397] 99194177 — 


For Spirituous Liquors. 
HEAT 300. 
IT. III. | * v. | VI. VII. VIII. 3 
Specific Spirit Water | Bulk of |Diminu-| Quan - Decimal Water and 
gravity. | by by | mixture. | tion of | tity of multi- spirit by 
mea- measure. | bulk. | spirit | pliers. | weight. | 
sure. 3 per cent. 
| 3 ww W. + Sp. 
94222 100 | 83, 83 178,08 | 5,75 | 56,15 | ,5710 loo + 50]-96719 | 100 
94267 — | 84,69] 178,90 | 5,79 | 55-89 | 5084 | 49.956769 — 
94312 — 85,55 179,74 | $81 | 55,63 | 5658] 48|-96819| — 
94357 — | $6,43] 180,59 | 5,84 | 55,37 | 8631 4795869 — 
94402 | — 87,33 181,45 | 5,88 | 55,11 | ,5604 | 46196919 | — 
294447 | — 88,25 182,33 | 5,92 | 54-84 | -5577 100 + 4595967 — 
94492 — | 89,18| 183,24 | 5,94 | 54-57 | 25550]  44p97915| — 
294537 | — 9, 14 184,17 | 5,97 | 5430 | »5522N 43|-97062 | — 
94583 — 91,12 185,12 | 6,00 | 54,02 | 5494 || 4297 109 | — 
94529 — 22,13 186,09 | 6,04 | 53,74 [5495] 4197155 | = 
94575 — 93,15 187,08 | 6,07 | 53,45 | 5436 0 + 40]-97200 | — 
294723] — | 94-19] 188,09 | 6,10 | 53,17 | ,5407 | 39197244 | — 
94771 — | 95,26] 189,12 | 6,14 | 52,88 | ,5377 | 38|-97288 | — 
7794821 — 95,36 190,18 | 6,18 | 52,58 | ,5347 | 37197332 | — 
94870 — | 97,48] 191,26 | 6,22 | 52,28 | 5317} 361-97375| — 
94920 — 98,53 192,37 6, 26 51,98 | ,5286 100 + 3597418 — 
94970 — 99,80 193,51 | 6,29 | 51,68 | ,5255} 3497461 — 
295021] — 194-67 | 6,33 | 51,37 | 5224] 3397504 — 
95071 — 195,86 | 6,38 | 51,06 | 5192] 32197548 — 
222 197,09 | 6,41 | 50,74 160% 31/½92591 — 
295173] — 198,34 | 6,45 | 50,42 5127 [[100 + 3097635 | — 
+4 ee 199,62 | 6,50 | 50,09 | -5094]| 2997679 — 
78ʃ.95275 — 107, 48 200,95 6,53 | 49,76 | ,5060 || 2897723 — 
77295327 | — 108,88] 202,31 | 6,57 | 49,43 |5020)} 27197708} — 
»95378] — [110,31] 203,70 | 6,61 49,09 | 4992 ||_ 2697814 — 
95429 — [111,78] 205,13 | 6,65 | 48,75 | 4957 0 + 25|-97860| — 
»95479] — 113, 29 206,61 | 6,68 | 48,40 | ,4922 24|,97906 | — 
95529 — 114.84] 208,13 | 6,71 | 48,05 | 4886] 2397954 — 
»95580| — 116,4] 209,69 | 6,75 | 47,69 | 4850 l. 2298004 — 
»95630| — [118,08| 211,29 | 6,79 | 47,33 | 48134 218055 eas 
»95681| — [119,76] 212,94 | 6,82 46,96 4775 111090 + 20/,98108 — 
957330 — [121,49] 214,04 | 0,85 | 46,59 | 4738 19598163 — 
68.957856 — 123, 28 216,39 | 6,89 | 46,21 | ,4700 18/,98221 — 
67595838 — 126,12 218,19 | 6,93 45.834661 1758282 — 
28891] — 12202 220,05 6,97 45.44 4621 1628345 Tr 
95944] — 128,98 221,97 | 7,01 | 45,05 | ,4581 15 + 15198412 — 
295997 — [139,99] 223-95 | 704 | 4465 5 [44 848(— 
95050 — 133,06 225,99 | 7,07 | 44-25 | 4500 1398555 — 
96103 — 135,21 228,10 | 7,11 | 43,84 | 4458 1298 033] — 
296156 — [137,43 | 230-28 2715 | 43-43 4416 1198715 Es 
96209 — 139,2 232,54 | 7:18 | 43:00 | 4373 00 + 10/,98804 — 
2 — 142,08 234.87 7,21 | 42,58 | ,4330}] _ [98396] — 
296314} — 14453 237-29 | 724 | 42,14 | ,4286 |] 8.98995 — 
96367 — [147,07| 239,80 | 7,27 | 41,70 | ,4241 7.991014 — 
290418] — [149,70] 242.40 | 7,30 | 41,25 | 4195 61.99214 | — 
90470| — 152,42 245,09 | 7,33 | 49,80 | ,4149 00 + 51:99334| — 
54|-90520] — [155,22] 247,87 | 735 | 40-34 | 4102 499463 — 
296570] — 158.14 250,77 | 7,37 | 39-87 | :4954 3.99502 — 
96620 — 161, 19 253-79 | 7,40 | 39.40 | ,4006 299751 — 
96670 — [164,36 . | 7:44 | 38-92 »3957 | I -99910| — 
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HEAT 31. 


— — — — — 
| p. T W. 

100 — | 100,00 — 1100, 01,0164 100 + 50 · 9980 

— | 0,84 | 100,72 | 0,12 99,28 1, 0091 5191069 — 

— | 1,68 | 101,45 | 0,23 | 98,57 |1-0019 52791155 — 

— | 2,51 | 102,18 | 0.33 | 97,87] 9948 53191241] — 

— | 3-35. | 102,91 | 0,44 | 97-18| 9877 541291325| — 

— | 4-19 | 103,64 | 0,55 | 96,49] 9807 10 + 551408 — 

— | 5-03 | 104.38 | 0,65 | 95,80} 97381] g691490| — 

. 3 5,87 105, 12 2 51 wh 
1 | — | 6,71 | 105,87 FO 
| — | 754 | 100,61 [o, | — 
— | 8,38 | 107,36 | 1,0 * — 
| = 9,22 | 108,11 1,11 92,50| 9401 61791882 — 

| — | 10,05 | 108,86 | 1,19 91,86 9336]  62[-91957] — 

| — | 198g] 109,61 | 1,28. | 91,23| 9272} 63|-92031| — 

— | 11,72 | 110,37 | 1,35 | 90,61] 9209} —  6492104| — 

— | 12,56 | 111,12 | 1,44 89,99 9146 100 + 6592170 — 

— | 13,41 | 111,88. | 1,53 | 89,38| 9084 66.922475 — 

— | 14,24 | 112,63 | 1,61 | 88,77| 9023 67192317] — 

— | 15,08 | 113,39 | 1,69 88,17 8903 _ 68],92386] — 

— | 15-92 | 114-15 | 177 | 87-58| »8903 _ 69]-92455| — 

4 — | 16,76 | 114,91 | 1,85 | 87,00| „8842 100 + 70p93532 — | 
— | 17,59 | 115,68 | 1,91 | 86,42| 8784 71592588 — | 

— | 18,43 | 116,45 | 1,98 | 85,85| 8726 7292653 —| 

| — | 19,27 | 117,21 | 2,00 85,29 | 58669 73592717 — 
— | 20,11 | 117,98 | 2,13 | 84,73 8612 7492780 — 

100 + 25 þ88238 — | 20,95 | 118,75 | 2,20 | 84,18] 85 50% 00 + 75|-92848| — 

,88370| — 20.50 | 229-53 2,26 | 83,64 | ,8501 7692910 — 

88500 2 | 22,62 | 120,31 | 2,31 | 83, 100 8447 7775929711 — | 

„88028 — | 23,46 | 121,09 2,37 | 32,57 58393 78593036 — 

588753 — | 24-30 | 121,87 | 2,43 | 82,05| ,8340%Y 7923921. 

„888977 — | 25,14 | 122,05 | 2,49 81,53 "8287 100 + 80|-93150 — 

88999 — | 25,97 | 123-42 | 2,55 | 81,02 8235 8193209 — 

89120| — | 26,81 | 124,20 | 2,61 | 80,51| ,8184 821-93266| — 

89238 — | 27,65 | 124-97 | 2,08 | 80,01| ,8133 831-93323] — 

89354 — | 28,48 | 12575 | 2-73 | 79-52| 8083  841-93379|_—_ 

89408 — | 29,32 | 126,52 | 2,:0 | 79,03| . 8033100 + 85]-93434| — 

89580 — | 30,16 | 127,30 | 2,86 | 78,55| ,7984 $61,93489] — 

„8960 — | 31,00 þ 128,08 | 2,92" | 78,07| 7936 $71-93543] — 

89799 — | 3184 | 128,86 | 2,98 77,60 ,7887 88.935900 — 

89906 — | 32,67 | 129,04 | 3,03 | 77>13| 7841 891.93949]_— 

90011 — | 3352 | 130, 23,10 | 70,07| 7793100 + 999371 — 

90115 — | 34,36 | 131,20 | 3,16 | 76,21| 7748 91593752 — 

,99218| — | 35,19 |, 131,98 | 3,21 | 75,76] 7702 92],93802] — 

,90319| — | 36,03 | 132,76 | 3,27 | 75-32| 7657 9393852 — 

,90418| — | 36,86 | 133,54 | 3,32 | 74-88} 62612 94|-93901|_— 

,90510| — | 37,70 | 134-32 | 3-38 74,45 »7507 00 ＋ 95093988 — 

90612 — | 38,53 | 135,i1 | 342 | 74-OL| 7523 90.3998] — 

90707 | — | 39-37 | 135-389 | 3-48 73,59 7480 971-94945] — 

,g0800| — | 49-21 | 130,08 | 353 | 73-17] »7437] 9809492 — 

90891] — | 41,06 | 137,46 | 3,60 | 72,74| 7394 99.941380 — 


HEAT 
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Li vir. | I. m. 
[apt | Decimal} — 4 Specific Spirit] 
int multi- YH 
— ; pliers, n 
L 3 sure. 
W . Sp, W. Sp | 1 | 
Du 100+ 10 183 100 | 83,78 178,06 | 5,72 | 56,15 | ,5708 100 + 50}, 1} 100] 167,57 | — 
1 FEE — | 84,04| 178,88 6 ; | 58682 715875 — — 263,56 | 
94273 — | 85,51] 179,72 5656 48.9792 — | 17455 | 267-11 
94318 — 86, 38 180,57 | „5629 4796843 — | 178,26 270,81 
Ln PERS | 09] 33-43 5602 | 46|-96893 | — | 482,14 L 274-07 . 
Too ＋ 95 9448 — | 88,20| 182,31 | 5 „5575 [100 + 45 96941 — | 186,19 | 278,72 
941-94453] — | 89-13] 183,22 $91 | 5457 | 5548 44|-96990 | — | 190,42 | 282,94 
24.98 — | 99-09] 184.15 | 5,94 | 54-30 | >5520 437038 — | 194-85 | 287,37 
94844 — | 9107] 185,09 | 5,98 | 54:02 | 5492 42]-97985 | — | 199-48 | 292,02 |; 
1-94591|_— | 92,08 | 186,07 | 6,01 | 5375 | 5463} 412132 — |_ 204935 | 29689 
:94636| — 93.10 187,06 | 6,04 | 53:46 | -5434 [100 + 40þ97178| — | 209,46 | 302,02 
89\,94685| — 94.14 188,06 | 6 53.17 5405 39 1.97222 — | 214,83 | 397239 |; 
94734 — 9521 189,10 | 6,11 52,89 1 55375 EE 38[-97267 — 220, 49 | 313,07 | 
7594784] — | 96,31| 190,16 | 6,15 | 52,59] 5345 | 37597311 — | 220,45 | 319-07 7. 
94833] — | 97,42 | 191,24 | 6,18 | 52,29 | 5315} — 36þ97355| — | 23273 |_325-49 [7 
94883] — | 98,58| 192,35 | 6,23 | 51,99 | 5284 |[200 + 35|-97399| — | 239939 | 332-07 | 
84'.94933] — 99,75 193-49 | 6,26 | 51,69 | ,5253 _ $4þ97442| — | 24043] 339-15 | 
„94984 — [100,94 | 194,65 | 6,29 | 5 33597486 — 253-89 | 346,67 
95034] — 102, 18 195,83 | 6 32|-97531| — | 261,83 | 35466 [7-17 
295085 | — [103,44 | 197,00  31]-97575 | = _|_ 270-27 |__ 39316 |; 
0,95 130 — 104,73 198,32 | 100 + 30|-97020| — | 279,28 | 372,22 
9.95188 — 106, 6 199,60 | 29197664 — | 288,91| 381,90 | 
95239 — [107,42 | 200,92 |  281-97709| — | 299,24 392, 29 6, 
-95291| — [108,82 | 202,28 | 27597755 — | 310,32 | 493-44 | 
61,95 342 — 110, 25 | 203,67 8 2097852 — 322,25 | 41547 
95392 — 111,72 205,10 100 + 25|-97849| — | 335-15 428,47 fe 
95443 — [113,22 | 206,58 2497896 — | 34911 | 442254 [955 
95493 — [114,77 | 208,10 | 231-97945| — | 364-28 | 457-83 [0,4 
93544 a 116,38 209, 66 229799 * 381,84 474.50 6 
95594 — 118,01 211,25 2198048 — | 398,98 | 492,76 |0,: 
701-95046| — [119,69| 212,90 100 + 20,98 102 — | 418,93] 512,84 
69|,95698 — 121,42 214,60 9.98158 * | 8] 535503 
957510 — [123,21| 216, 35 1898216 — 559.68 
95803 — [126,05 | 218,16 17|-98278| — | 6] 587,21 
95857 — [126,94 | 220,01 16.938342 — 3,66 618,17 
959100 — 128,91 221,93 100 ＋15 98409 — | 558,57 553,25 
641-95963] — 130, 92 223,91 134.9847929 — 247 693,33 
:96017| — 132,98 225,95 1398554 — | 644-51 | 739,55 
21,96070| — [135,13 | 228,06 1298632 — | 698,22 | 793,46 
290124| — [137-25 | 230-23 11|-98716|_— |_761,69| 857-13 [4 
| 90177 — 1139,64 232,50 100 + 10|-98804| — | 837,86 | 933-54 
| 96230 — [142,00 | 234.83  9]-98896] — | 930,96 | 1026,86 
# 96283 — 144,45 237-24 | $1-98997 | — 1047,32 1143-47 
96336 — 146,99 239.75 7.99103 — 1196,95 1293,34 
| 960387] — [149.62 | 242,34 6|-99216| — | 1396,44 | 1493.08; 
: 90439 — 152,33 245-03 100 + 599330 — | 1075,73 | 1772,04 
| $41-y0490] — 155, 13 247,81 4.99466 — 2094,65 | 2191,85 
| 338654 — |158,05 | 250,71 3.996056 — 2792,86 2890,32 
| $2]-96591| — 161,10 253,73 299784 — | 4189,30 | 4886,56 
| $11,96642| — 164,26 250,87 1.99913 — | 8378,58 | 8470,39 
"0 ns. | — —-— — — — — — — — — — A ——— oa 


| 100,00 


100,72 | — 
| 101,45 | | _ 

102,18 — 

102,91 — 

103,04 | — 

104,38 — 

| 105,12 | Re 
— 105, 87 — 
— | 106,61 © To 4 
— 107, 36 100 + 60, 91764 — 
— 108,11 61691840 — 
— 108,86 | | - 919164 — 
— | 109,61 | 1 _ 63],91990 | — 
— Hay | 64 92063 — 
— 111,12 100 + 65],92135 | — 
— o | 111,88 |  66|,92206 | — 
— | 112,64 | 67592276 — 
r 113,40 | 1, 5892345 — 
— 114.16 69]-92413 — 
100 + 20 — - | 114,92 | 100 + 70.924811 — 
1 — 115,68 71192547 | — 
— 116,45 727592612 — 
— 117,22 73.92676 — 
— 112929 2492739 — 
— 118,76 100 + 75.928064 — 
— 119,53 76|-92869 | — 
. 120,31 | 77192930 | — 
— 121,9 7892994 — 
— 121,85 22723 | — 
— 122,64 100 + 80,93 109 — 
— 123,42 | 81593168 — 
— 124,19 | 82/,93226| — 
— 124,97 | 2 8393283 — 
— 125,75 | 84293339 | =_ 
— 126,52 100 + 85ʃ.⁰93394 — 
1 127,30 8693449 — 
— 128,07 87593503 * 
— 128,85 88593556 — 
— 129,63 89593609 — 
1 130,41 | 100 ＋ 90 93661 — 
— 131,19 91093712 — 
— 131,97 9293762 — 
Ln 132,75 | 5 93 ons _ 
wa 133-53 | 94193801 | — 
——_ 134,31 100 + 95 93910 — 
— 45 96.939558 Lo 

| —_ 135,88 97|-94005 | — 
— 136,67 | 98.940582 — 
— | 137245 991-94999| — 


spirit by 
weight, 


991,94189 — 100 | 167 4.8 260,08 
294233] — — | 170,89] 263,50| 
94278 — — | 174-45] 207,04 

94323 — — 178,1 270,73. 
94359 — — |_282,03|__ 274-59] 
94413 — Ow 186,08 278,64 
94459 — 8 190,31 282,86 
94505 — — | 194974] 287,29 
94552 — — | 199-37] 291-94 |/ 
94598 N 100 ＋ dee —— 296,80 
94647 — 40 2 ke 209,341 301,92 
946 * 189,07 | ; 2 + + apo 1 214,71 | 307»29 
1 1 190, 13 —— * — Wo 
— 86].94795 | —_ 191,21 ai 318,97 
100 + 854845 — 192,32 26:97335} — | 23200] 336:30 
8 94896 — 193,46 | 100 + 35 . | os 239,25 331,96 
94947 — 194.62 | e 
927 — 195,81 L 346,55 
2 95048 — 197,03 | * pot be no 2 1,68 354.547 
100 + 80 95099 — 198,29 wn - & 4 — wel 270,12 363.03 
| 95151 — 199,57 + 3 pot” +. a 279,12 372,08 
n 202,25 2 3 . _ 7 
76195305 | — 203.64 wm 27 —4. — . | 493-29} 
100 + 759 * . 97789 — | 322,06 415,316 
7 5355 205,07 100 + 2 978 | - 
»95406 — 206, 55 2 27885 b 334-96 | 428,30 
295457] — 208,00 2 348,91] 442-35 
295508 — 209,63 | 7 pads 8255 28777 457.63 6 
295558 eee 211,22 75 5 * 7 — | 381,62 . 47409 6 
loo + 70 95610 ee 2712,87 . 9 _ ee. 398,75 __ 492-33 6 
,95662| — 214557 00 + 1 ao 418,69 512,600 
9957151 — 216,31 12212 — 440,73 534377 = 
,95768| — | 218,12 — 1564 Bra 405,20] 559-41] 
»95822] — 219,98 198338 = 49256 $80,921 
100 + 595875 — 221,89 | 100 + 15|-98406|— $23:50| cnt [LD 
95929 — 223,87 = 5. 28, —1 $$*25 652,92 
95983 — 225,91 1 — . — $98.13 692,97| 
| 96037 — 228,01 14 5 — 244,14 739,17 | 
———=]:96091 | — 230,19 m—e— 5 29 
* 60 96145 — 232,45 — — 880 3 7 152 —— 568 
9198 — 234.78 how + repaint —— | 33929] 933 
»96251| — 237,19 998 25 — 930,43 1926, 30 
96304 * 239.70 2 — — 1046,72 1142,85 | 
— 2 om | 242,29 | A p< 5 IE 
9 +55 96408 — [152,24 24497 — Berga | 1395,05| 1492,25 
,96459| — 247,75 100 + 25335 — 1674,78 1771,65 
96511 — 250, 66 5 12 48 2093,45 2190, 63 
96562 — 25 3,68 3599608 — 2791,27 2888,71 
2⁵⁶73— 250,81 I 4186,91 428458735 
oY 1-99910| panes 8471,67| 2 


— — 
* —— 


8373,79 


— 


| . 
= . - | 
LI f 


Mr. Gm in's Tables 
HEAT 33%. © 


| — | 100,00 | 


1 


21,76 119,53 | 2,23 83,64 8493] 799282 


O00 
— | 0,84 | 100,72 — 
— | 1,68 101,45 — 
— | 2,51| 102,18 | — 
— | 3,35 102,91 1 — 
— | 719 103,04 100 + 5591325 — 
—1 5,03 | 104,38 | 5691406 — 
— 5.86 105,12 | | 5791488 — 
— 6.70 105,87 | 0,83 | 581-91567| — 
— | 753 | 106,61 | 0,92 | 3491545 — . 42.32 14832 4.05 
— | 837 | 107,36 | 1,01 | 93,14| 9457199 + 722 — | 50,21 | 146,11 [4,10 
— | 9,21 | 108,11 | 1,10 | 92,50| 9391 6191799 — | 51,05 | 149,90 4.15 
— | 10,04 | 108,86 | 2,18 | 91,86| 9326  G62Þ91875| — | 5139 | 147,69 4,20 
— | 10,88 | 109,61 | 1,27 | 91,23| 9262]4  63]-91949] — | 52:72 | 145,48 [4:24 
— | 11,71 | 110,37 | 1,34 | 90,61| 9199 6402021 — 53-50 | 149,28 [4,28 
— | 12,55 | 111,12 | 1,43 | 89,99| 9136700 + 65]-92093] — | 54:49 | 150,07 433 
— | 13-39 | 111,88 | 1,51 | 89,38| 9074 66[,92164| — | 55-23 | 150,86 4.37 
— | 14,23 | 112,64 | 1,59 | 88,77 „9013 67.922344 — | 56,07 | 151,66 [4,41 
— | 15,07 | 113,40 | 1,67 | 88,17| 8953 68],92303| — | 5691 | 152,45 [44 
— | 15,90 | 114,16 | 1,74 | 87,58| 8893] 8922321] — |__ 5774 |_153»24 [4-50 
— | 16,74 | 114,92 | 1,82 | 87,00| ,8833 00 + 7092439] — 38,58 154-04 454 
117,57 | 115,69 | 1,88 | 86,42| ,8774 71.925056 — | 5941 | 154-33 45 
| 18,41 | 116,46 | 1,95 | 85,85| 8717 727592571 — »25 155,03 4.62 
| 19,25 | 117,22 | 2,03 | 85,29 8060 73092034] — | 61,09 | 156,43 [4,66 
20,09 | 117,99 | 2,10 | 84,73| 8603) 2422528] — 51.93 | 157-22 14-71 
881 20 118,76 | 2,17 84, 18 8548100 + 7592764 — | ©2,76 | 158,02 [4,74 
86287 pow . — | 63,60 | 158,81 [4,79 


. 
4 
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need 
— 
— 
S 
— 
— 
* 


2. 9493821 
37.66 134,31 3,35 7440 7559100 + 95p93570, — 79,50 | 174,00 [5,50 


,905 27, ; 93918] — | 80,33 | 174-80 [5,53 
5522 39,33 135-87 | 340 | 73,60 7473 97þ93965| — | 81,16 t gn 55 
40, 17 136,66 3,51 | 73,18 7431 98794012 — | 82,00 2 40 ls, 
47,01 137,44 | 3.57 72,75] 738 — 1 82,84 | 177,21 15,63 


| 7388] 99.9459 


— 


WW ER SY. YT 


for Spirituous Liquors. 
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22 


Eren 


* 


KX 


* — 


HEAT zz. 
e gr, TT A Vis © 
u. ul.] iv | v. | vi. VII. Vm. . | u. 
Specific |Spirit} Water | Bulk of |Diminu-j Quan- | Decimall| Water and [Specific Spirit 
gravity. | by by Wixture. tion of | tity of | multi- spirit by [gravity. 
mea- measure. bulk. | spirit pliers, [| weight. 
sure. | | per cent | 
| | | | W. + Sp. 
,94105 100 83.69 178,02 | 5,67 | 56,16 | 5703 100 + 50 .96635| 100 
94149 | — | $4:54| 178,84 | $70 55-91 | 5677 | 49190687 | — 
294194 | — | 35,41 | 179,68 | $73 | 55-65 | 5651} 4896738 — 
94239 — | 86,25 | 180,53 | 5,75 | 55-39 | 624 47196790 | — 
294284 | — | 37-19] 181,39 | 5,80 | 55-13 | 5598 | 4690841 | — | 
594329 — 88, 10 182,27 | 5,83 | 5485 | 5570 [100 + 45|,90890| — 
94194374| — | 59-03] 183,18 | 535 | 54,59} »5543H 4 — 
3.94420 — 89,99 184,10 | 5,89 54.325515 4395989 — 
2.944566 — 90,97 185,04 | 5:93 | 54-94 | »5487 IN 42.9 7037 — 
24813 — 222188. | 5-95 2822288 — 
94560 — 92.99 187,00 | 599 | 53,48 | ,5429 00 + 40,7132 — 
89/,94609 | — | 94,03 | 188,01 | 6,02 $3219 | +5401 39.971784 —| 
94658 — | 95,10| 189,05 | 6,05 | 52,90} ,5371 38.597223 — | 
94708 — | 96,20 190,10 6, 10.52, 60,5341 37.972 — 
6.24278 — 22-31] 191,19 512 | 52,31 | 5311 ff 365092315 — 
594808 — | 98,47| 192,29 | 6,18 | 52,00 | „5280 100 + 3597359 — 
94859 — 99,64 193-43 | 0-21 | 51,70 | 5249 || 34-97494|, — | 
-94910-| — [100,83] 194.59. | 0,24. | 51,39 5218] 339745 — 
94960 — 102,06 I95,78 6,28 51,08 „5186 i 32,97495 — | 
95011 | — [10332] 197,00 | 6,32 02419754! — 
95062 —ü—r (104,01 198,26 0,35 | 50245 | 55121 100 + 30 97588 * 1 
995114 — [195-94] 199,54 | 6-49 5, 15088 [ 29763“ — 1 
78.95 165 — 107, 30] 200,86 | 0,44 | 49,78 | 5044 28ʃ.97681ʃ — 
77|-95217| — fio8,69| 202,22 | 6,47 | 49,46 | ,5020 271,97728| — 
527268 — [110,13] 203,61 | 6-52 | 49-11 24986 | 22697776 — 
ſ00 + 75]-95319| — 71.59 205,04 | 6,55 | 43,77 | 4952 [1090 + 2597825 | — 
| 95370 — [113,09] 206,52 | 6,57 | 48,42 | 4917 24.978744 — 
3.95421 — 114,64 208,03 | 6,61 | 48,07 | ,4881 23797925 — 
72,95472 — 116, 24 209,59 | 6,65 | 47,71 | ,4845 22197978 | — 
195522 — 117,87] 211,19 6,68 47,35 4808 2198033 — 
9,9557 — 119,55 212,83 | 6,72 | 46,99 | 4770 100 + 20 98090 — 
69.955260 — 121,28 214,53, 6,75 | 46,61 | 4732 19.981464 — 
6895680 — [123,07] 216,28 | 6,79 46,23 | 4695 if 18098206 — 
95733 — [124.91] 218,09 | 6,82 | 45,85 | ,4656 N 17]98269| — 
25787 — [126,80] 219,94 | 6.86 | 45,47 | 451681528334 — 
,95840| — |128,75| 221,85 | 6,99 | 45-08 4576 [100 + 1598403 — 
295895 | — 3, 7 223-83 | 6-94 | 44-68 | ,4536 | 14] 98475 | — 
295949] — 132,830 225,86 | 6,97 | 44-27 4495 | 3398550 | — 
ns} — [134-97] 227-97 | 7:00 43-86 | -4453 || 12] 99030] — 
: 90055 2 137-19 230,14 | 705 - 43545 »4411 | Ii 98715 — 
„95172 — 139,8 232,41 | 7-07 | 43-03 | 4359 100 + 10],98804 þ — 
[96156] — | 4184] 234-73 | 7-11 | 42.60 | 4325 || 9.98898 — 
95219 — [144-28] 237,'4 | 7-14 | 42,17 | 4281 | 898999] — 
90272 — [140,52] 239,55 | 7,17 | 41.73 | 44236 | 799100 — 
6195325] — [149-43 242,24 7:21 | 41,28 | ,4192 | 6292220 — 
290377 | — 152,10 244-92 | 7:24 | 40,355 4145 [100 + 5] 99340] — 
96429 — [154-95 | 24770 | 7-25 | 40937 | 4999 41-9947 i — 
90481 | — [157.87] 250,60 | 7,27 | 39,90 | ,4051 3129910] — 
55533 — |100,92| 253,62 | 7,30 | 3943 [4003 2 99759] — 
E = | — [164,081 256,76 | 7,32 | 38:94 | -3954}] 119991S] — 


*__ „„ ee — eat _—_— — 
_ l 


Mr. Gil 's Tables 


HEAT 349. 


I. | 
Decimal Spirit and |Speci 
tle Water — | 
1E . 

. | sure. 

100 — 1 100,00 aw 4 | | 8 100 

— | 0,84 | 100,72 | 0,12 99, 281, 076 51590943 —. 

— | 1,68 | 101,45 | 0,23 | 98,57|1,0004| 52591029 — 

— 2,51 102,18 | 0,33 | 97,87 53791115 — | 

— | 3,35 | 102,91 | 0,44 | 97,18 54591200 — | 

— | 4-19 | 10364 | 0,55 | 96,49 [100 + 55|,91283| — 

| — | $,03 | 104,38 | 0,65 | 95,8 | 5691365 — 

— | $,86 | 105,12 | 0,74 | 95,13 $71,91446| — 

a 6,70 | 105,87 0,83 94. 58 91525 — 

— | 7,53 | 106,61 | 0,92 | 93,80 : 5991503 — 

— | 8,37 | 107,36 | 1,01 | 93,14 91681 | — 

— | 9,20 | 108,11 | 1,09 | 92,50 61091758 — 

— ,| 10,04 | 108,86 | 1,18 | 91,86| 6291833 — 

— | 10,88 | 109,61 | 1,27 | 91,23 6391907 — 

— | 11,71 | 110,37 | 1,34 | 90,61 6491979 — 

— | 12,55 | 111,13 | 1,42 | 89,99 65],92051 | — 

— | 13,39 |} 111,89 | 1,50 | 89,38 6692122 — 

— | 14,22 | 112,04 | 1,58 | 88,77 _ 67|-92192] — 

— | 15,06 | 113,40 | 1,66 | 88,17 68.922614 — 

— | 15,89 | 114,16 | 1,73 | 87,58] , 6992329 — 

| — | 16,73 | 114;93 | 1,80 | 87,00| , 8829100 + 701,92 — 

| — 17,56 | *** [1 1,87 86,42 | 3 | 71 * — 

1.4% 116,46 | 1,94 | 85,85| 8712) 7292536 — 

— | 19,24 | 117,23 | 201 85, 30,8686 73092593 — 

24᷑4 1.87959 — | 29,08 | 118,00 | 2,08 | 84,74| 859g}  74{,92657| — 
100 + 25|,88104| — | 20,92 | 118,76 | 2,16 | 84,19] „8543100 + 75|,92722| — 
285 ,88237 — | 21,74 | 119,54 | 2,20 | 83,65 ,8489 76],92785 | — 

27],88368| — | 22,58 120,31 | 2,27 | 83,11 58435 77.928460 — | 

28 88495 — 23.42 121,03 | 2,34 82,58 58381 78 92908 — 
243 ,88621 — 24.26 121,35 | 2,41 82,06 8328 7992968 — 
100 + 30, 88745 — | 25,09 | 122,64 | 2,45 81,54 „8275 [00 + 801,93027 | — 
2413288867 — | 25,93 | 123-41 | 2,52 81,03 ,8223]] 8193086 — 
| 3268988] — | 26,77 | 124.18 | 2.59 | 80,53] 01728 9293144 — 
33589107 — | 27,61 124,96 | 2,65 | 80,03| ,8121} 8393202 — 
3489223 — | 28,44 | 125-73 | 2-71 79.53 8021 8493259 — 
100 + 35],89337| — | 29,28 | 126,51 | 277 | 79,04| 80210100 + 851,93314| — 
_ 361,89451] — | 30,12 | 127,29 | 2,83 | 78,56| ,7972| __ 861,93369| — 
37.895610 — | 30,95 | 128,06 | 2,89 | 78,08| ,7924| 87 293423] — 
38|,89670| — | 31,79 | 123,83 | 2,96 | 77,61| ,7876| 88593476 — 

3 39,8877 — | 32,62 | 129,62 | 3,00 22.14% 28290 891-93529| — 
100 + 40, 89882 — | 33,46 | 130,40 | 3-06 | 76,68| „782 [100 + go[,93581| — 
41 89986 — 34.30 131,18 | 3,12 76,23 „7736 9193632 — 
4290089 — | 35,13 | 131,96 | 3-17 | 75-75| 7590 92].93082| — 
43.900190 — | 35:97 | 132,74 | 3-23 | 75-34| »7045] 93593732 — 

1 4490290 — 36,80 | 133,52 | 3-28 74.89 „2594.932811 — 
100 + 45],90388} — | 37,64 | 134-30 | 3-34 | 74:46| 7556100 + 95093830 — 
' 46, 904844 — | 38,47 | 135-08 | 3,39 | 74-03] »7513 9693878 — 
| 47|-99579] — | 39-31 | 135-86 | 3,45 | 73,60| ,7469 97593925 — 
48|,90672] — | 40,15 | 136,65 | 3,50 73,18 ,7427 981,93972| — 

1 49]-90764] — | 40,98 | 137,43 | 3-55 | 72-75] 7384) 9994019] — 


TABLE II. 
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for Spirituous Liquors. 
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HEAT 3%. 
| | | 
II. III.] IN V. VIII. I. u. 

Specific Spiri Bulk of Decimal Water and | Specific Spiri 

gravity. mixture. multi- spirit by | gravity. 

| pliers. weight. | 
[1 W + Sp. | 
94065 178,00 | +5701 0 + 50|96607 | 100 
8 178,82 5674 4.95660 Hs 
94154 — 179,66 66 | „5648 4896711 — 
294199] — | 180,51 | „5621 47.965764 — 
5294244 — _181,37 »5595 | 4525815 — 
94289 — 182,25 5508 0 + 45090865 — 
94335 — 183,10 | 5540 4499915 | — 
294381 | — -184,07 | « 5512 1395965 — 
2594427 — 185,02 | 5484 4297013 — 
194475 | — 88.00 | 5 5456 N}_____ 41|-97062| — 
959452 — 180,98 5427 00 + 40,7110 — 
8994571 — 187.99 25399 3997156 — 
88.946211 — 189,02 | © 5369 3897202 — 
87.9471 — | 190,08 | »5339 371-97 248 | — 
194721 | — 191,16 2 | 5309 3592294 — 
94771 — 192,20 25278 $100 + 35197339 | — 
84/-94822| — 193,0 5247 34197355 | — 
83] 94873] — 7194,56 5216 3397432 
2.94923 — 195,75 | < 5184} 3297473 | — 
194974 — 190,97 | 6. 152L. 3192528. 
80, 95025 — 198,23 < 25119 roo + 39197572 | — 
195077 | — 199,51 | 5086 29.976019 — 
„951280 — 200, 83 6, „5052 28 97667 — 
951801 — 202, 19 61 „50181 227.97715 — 
29, 231| — 203,58 4984. 201,97763| — 
295203] — | 205,01 4950 00 + 2597813 — 
95334 — 20⁰, 49 4915 2497864 — 
7395485 — 57 207,99 4579 2397916 — 
2.95430 — 209,55 4843 2297970 — 
| »95 450 — ö 211,10 6 4500 21 98026 _ 
95538 — 212, 80 | 100 ＋ 20 98083 ang 
195591] — 1 214,50 | 19:.98141 | — 
681,95645 | — 210,24 98201 — 
95698 — 218,05 17598265 — 
601295752 | — 219,90 5.4 1698331 — 
5.95 806 — | 221,81 | © 8 100 + 1598400 — 
495861 — 223,79 44-09 1498473 — 
»95916| — 225,82 44,28 13|-98549| — 
021,95971} — | 227,92 43 1298629 — 
1596026 — | 230,10 | 1198714 — | 7 
96080 Fam | | 232,30 i” 100 + 10] 95204 | — 
-96134| — 234-68 | 9.58898 — 
»90187| — | 237,09 8 99000 | — 
96241 — 239,60 | 7] 99107 | — 
9.90294 — 242,19 | 669221 — 
9346 — 244,87 | 4144 [ico + 5] 99342 — 
90399] — 247,05 4098 499473 — 
5396451 — 250,55 4050 3199012 — 
90504 — 253,57 40 2 99761 — 
90555 — 256,70 3953 1.99920 — 
MDCCXCIV, Pp 


| 


A. Gm Tables 
HEAT 359. 


1 I. | II. III. 
Decimal Spirit and Specific Spirit 


multi- water by | gravity.| by 
| pliers. weight. mea- 


vm. 


100 0,84 — [100,00[1,0142 0 + 5c|,90811 
| — | ©,84 | 100,72 | 0,12 | 99,28[1,0070| 5: |,g0900 
| — | 1,67 | 101,45 | 0,22 | 98,57| 9998 52|-90987 
> 2,51 | 102,18 | o, 3397,87 9926 53791073 
— |_3-34 | 102,91 | 0,43 | 97-18] ,9855| 54911558 
— | 4-18 | 103,64 | 0,54 96,9 9786 0 + 55⁰91241 
=” 5502 | 104,38 0,64 95,80 9716 56 591323 
— | $85 | 105-12 | 0,73 | 95-13] ,9648 5791404 
— | 69 | 105,87 | 0,82 | 94,46| ,9580| 58|-91483| 
-Z. | 106,61 | 0,91 [93.80 913]. 59.915861 
— 8, 36 | 107,36 | 1,00 93,14 »9447 100 + 601,91040 
AF 9,20 | 108,11 | 1,09 | 92,50| ,9381 61591716 


100 
bes + 10 85587 — 12,54 Fon 
30747 — | 13-38] — 
ue 01 | in $55 i 

I 37259 — 15,88 8 

200 + 20 287357 | — | 16,72 er 
21587502 — 17,55 — 
22587645 — | 18,39] — 

23 7 by — 19-23 KY 

. 24|,8 7924 — O, 2 
100 + 25588059 — | 20,90 — 
286 ,88192 — | 21,73 io 
— | 22,57 — 

— | 23,41 — 

— | 24-24 2 

25. os — 

£ Ui 25,91 BONE 

— | 26,75 | — 

— | 27,59 — 

— | 28,42 = 

7 — | 29,26 — 
reer — | 39970 25 
1 5 

E 223% = 35,77 : 
29.897331 — 25 = 

100 + 40].89839] — | 3344 | 88 
4189943 — 34-27 — 
421,90046]| — 35,11 — 

| 43590147 — | 33-95 _ 
44]-90247 | — | 30,78 * 
* F — 
90441 , | — 
4790536 — | 39-29 = 
| 48.0629 — | 4913 — 
4359.90 21 — | 49,96 2 


for Spirituous Liquors. 


HEAT 359. 
Specific | | Bulk of [Dimi Decimalſſ Water and 
gravity. | mixture. uty of multi- If spirit by 
mea- measure. þ Spirit | pli weight. 
| | per cent. | 
| W. + Sp. 
94025 177,98 56,18 | ,5698 foo + 50, 96579 100 
9994070 — 178,80 | $5993 | »5072 90632 — 
94115 — 179,04 $5207 | ,5646 2 
94159 — 180,9 55.40.5619 _ 
,94204 | — 181,35 | 55-14 | +5593 | — 
94249 — 182,23 54.87 5566 
94295 — 183,13 54.60 5538 5 
94342 — 184,05 54.335510 * 
94389 — 185, oo 754.05 „5482 _ 
»94430|_— 185,97 |_5:99 | 53-77 | 5454 _ 
94484 — 180,95 | 53-49 | 5425 — 
294533] — 187,90 | 53-20 | 5396}. $31 — 
94583 — 188,99 52,91 | ,5367 I av 1 
94633 — 190,05 52,62 | ,5337 — 11 
86.945683 — 191,13 52,32 | 5 307 — 
94734 — 192,23 52,02 ,5276 9 — 
94785 — 193.37 5,7168245 — 
94835 — 194.53 9505214 — 
94886 — 195,72 | 51,09 | „5 182 — | : 
94937 |_= 196.94 | | 50,78 8180 _ — 
94988 — 198 20 . 50,46 | ,5117 — 
95040 — 199,48 50,13 5084 — 
95091 — 200, 80 49,80 | „5051 — 
95143 — 202, 16 49-47 | 5017 — 
95194|_— 203,55 49,13 | »4983} — 
95246 — 204,98 | 48,79 | 4948 — 
25292 — 206,45 | 6,51 | 48,44 | 4913 ”» 
95348 — 207,96 | | 48,09 | 4877 | * 
95399 — 209.52 47,73 4841] — 
95450 — 211,13 | 47+37 | 4804 2198018 — 
95502 — 212,77 47,00 24767 155 ＋ 20 98076 — 
95555 — 214,40 40,03 | 24729 19]98135| — 
595 — 216,21 46,25 4691 | 18.98 196 — 
7595663 — 218,01 45,87 | „4652 17598260 — 
6195717 — 219,86 45,48 4613 | 1698327 — 
95772 — 221,77 4 | 45-09 | »4573 0 + 15098397 — | 051,94 
| 95827 ors 223,74 44,70 4533 1498470 — 
95882 — 22577 | 44-29 | -4492| 1398547 — 
»95938| — 227,88 43-88 | 4450] 1298628 — 
95993 — 230,06 43-47 „4408 11598714 — 
96048 — 232,31 43-5 | 4366 10 + 10,8804 eh 
961024 — 234,03 42,62 | 4322 998899 ain 
96155 — 237,04 42,19 | 4278 8/,99900 WT 
96209 — 239,55 41,75 | 4234 7/-99108 
95262 — 242,14 41,30 | ,418g| 0/,99232 — 
95315 — 24482 | 40,85 | ,4143 [00 + 5399344 | — 
5496368 — 247,00 40,39 | 4096 4 299474 | — 
96421 — 250,50 39-92 | 4949 || 399013 — 
974 — 253,51 39,45 | 4001 2.997031 — 
»90526| — [163,95| 256,65 | 38,96 | »3952| 1,9921 — 


P p 2 


— 


"My. Gi:Letn's Tablet 


© 
VIII. I. 

Decimalſ Spirit and 

multi- water by | 

pliers. | weight. | 

Sp. + W. 
1001 — . |} 100,00 — 100, 001, 0137 loo + gol ,90768 100 
— | 0,84 | 100,72 0, 12 | 99,28|1,0065 5190857 — 
— | 167 | 101,45 | 0,22 | 98,57] ,9993 52] -90944| — 
— 2.51 102,18 | 0,33 | 97-87 9921 53191030 — 
— 334 102,91 0,43 97,18 59850 3 2115 1 
— | 415] 103,64 | 0,54 | 96,49] 9780100 + 55|,91198] — 
— | $,02| 104,38 | ©,04 | 95,80| ,9711 5691280 — 
— | 5-85 | 105,12 | 073 | 95,13} ,9643 _ $7]-91362| — 
— | $69] 105,87 | 0,82 | 94,46] 9575 _ $8Þ-91441]| — 
— | 7-52 | 106,61 | 0,91-| 93,80 | 9508 5991519 — 
— | 8,36 | 107,36 | 1,00 93, 14.9442 [100 + 6of,91598| — 
— | 9,19] 108,11 | 1,08 | 92,50 ,9377 61191674 — 
— | 10,02 | 108,86 | 1,16 | 91,86] ,9312 62091748 — 
— | 10,86 | 109,61 | 1,25 | 91,23 ,9248| _ 631,91823| — 
— j 11,69] 110,37 1,3290, 61918 6491895 — 
— 12,53 111,13 | 1,40 89,99 „9122 [100 + 65],91967| — 
— | 13-37 | 111,89 | 1,48 | 89,38] ,9o0 50.920390 — 
— 14,20 112,64 | 1,56 88,77 8999 6792109 — 
— 15,04 113,41 | 1,63 | 88,17 8939 68.921780 — 
— 182 | 114-17 | 1-79 | 87,59} : 8879] 69.9224 — 
— | 16,71 | 114,94 | 177 87, 01,8819 1100 + 70o[,92315| — 
— | 17,54 | 115,70 | 1,84 | 86,43] ,8761 71] -92381] — 
— | 18,38] 116,46 1,9285, 86 ,8703 72] 92447] — 
— | 19,22 | 117,23 | 1,99 | 85,30| ,8647 731925110 — 
—_| 29,05 | 117,99 | 2-00 | 84,74] ,8591 74|292576| — 
— | 20,89 | 118,77 | 2,12 | 84,19] ,8535 100 + 75|,92640| — 
— | 21,72 | 119,53 | 2,19 83, 65 ,8480 76.927024 — 
— | 22,56 | 120,30 | 2,26 | 83,12| ,8426 77192764 — 
— | 23,40 | 121,08 | 2,32 | 82,59| ,8372  78|92825| — 
| — | 24-23 | 121.85 | 2,38 | 82,06] ,8319]h}h 79|-92885| — 
— | 25,07 | 122,63 | 244 | 81,55| „8266100 + 80| ,92946| — 
— | 25,90 | 123,40 | 2,50 | 81,04| ,8214 81|,93005| — 
— | 26,74 | 124,18 | 2,56 80, 538163 _ 82],93063| — 
— | 27,58 | 124,95 | 2,63 | 80,03] ,8113 8393121 — 
— | 28,41 | 125,72 | 2,09 | 79.54| ,8063 84.931780 — 
— | 29,24 | 126,50 | 2,74 79,05 ,8013 lO + 85|,93234| — 
— | 30,08 | 127,27 | 2,81 | 78,57] „7965  B86|,93289] — 
— | 30,91 | 128,05 | 2,86 78,09 7917 871293343] — 
— | 31,75 | 128,82 | 2.93 | 77,62| ,7869 8893397 — 
—_|.32,58 | 129,60 | 2,98 | 77,15| ,7821| 89 93459] — 
— | 33-42 | 130,38 | 3,04 76,69 ,7775 [100 + 9, 935010 — 
— | 34525 | 131,16 | 3,09 | 76,24| ,7728|| 9199353 — 
— | 35-09 | 131,94 | 3-15 | 75,79] ,7683| 92; 03003] — 
— | 35-93 | 132,72 | 3-21 | 75,34| ,7638| 93.593553 — 
_— [3976 | 133,50 |_3-20_| 74-90| »7593 ||____94{+93792|_— 
— | 37-00 | 134-28 | 3-32 | 74:47] 75000 + 95937510 — 
— | 38,43 | 135,06 | 3-37 | 74-04] 7505 | 96] 93799] — 
— [39-27 | 135,85 | 3-42 | 73,61] 7463 97] »93540] — 
86 — [40,10 | 136,63 | 347 73,19 ,7420| 98 pede. — 
90678 — | 40,94 | 137,41 { 3,53 | 72,77 73771 99493939 0 


„J.“ „„ 


KY. 


HEAT 360. 
1 71 IV. 
vin. 3 a 
Vo. Deci al | Water and by 
Bulk of multi- spirit by measure 
mixture. pliers. | weight. 
W. + Sp TO 
| | 107,091] 
Ts | r = . — 
177,95 5 „5669 — 1 74,00 
hos | 179,01 5617 — 181,63 
fs | 130,46 | »5591 _—_ i85,66 
* | 181,32 »5563 oO + 45 8 189,88 ® 
__ 182,20 | 5553 — 194,30 
— | 183.01 5 8 5508 — | 198,93 
_ | —_— Ii $ 5480 — | 203,77 
3 82 1 4˙97 55452 — 1 208, 8 
— 195-94 = [100 2 — 214.23 2 
EY ws 186,92 55394 1 219,86 
100 + 9 IS 187,94 | 53655 — 225,81 
8 9 1 | 188,96 | »5335 a 232,08 
GR 190,03 5305 — 1 238,71 | 
5 2 5274 [100 + 35 — = 73 
_ 19221 5243 — 2353.18 
an 6] 193,34 | 55212 2 — 201,09 | 
2 561 194,50 | 355 — 269,52 
4 I | 190,91 | »5115 o + 30 Bt 288,10 
| _ 198,17 5082 5 — 298,39 
100 ＋ 80 5 | 199-45 | 5049 — | 309,44 | 
- 2 On | 55015 — | 321,34 
202,1 49811 mw 20 
2 203,52 = [100 + 25 — 346,12 
-—— 204,94 | 4911 | -| — | 363,26 
3 830 206, 41 54875 1 379.76 
= 209,48 ,4803 | 1 | - 615,97 
— — 24763 [1100 + — | 439-73] $3379 15» 
— — 212,73 4728 — | 464,16 
109 + 70 . 214,42 4690 — | 491,47 
0 = 216,17 „4651 — 22,19 
3 217,97 6 4612 ; OY 557,00 
8 9 219,82 | "4572 [[100 + '5 9339 — 5606,79 
— 221,73 »4532 5 — 642,69 | 
_ 223,70 4491 — 696,25 
3 225,73 4449 LU 
_ 227,84 +4407 ||__ 98805 — | 835-50 
1 6 230,01 4364 100 + |! _—_ 928,33 
: an 232, 26 4321 | — | 104437 
100 + 60 ret 60| 234.59 4277 — | 1393-67 
WY 236,99 ,4233 — | 1392,51 | 2 
8 —_ | 4188 i — | 1671,01 | 1767, " 3-27 
— 3 4141 100 + — 2088,75 
e = up 29 EEE: 
100 + 55 247.55 4048 2.29764) — | 4177-50 
. | , I. + q 
_ 250,45 , 4000 4 8354.22 
— 25 3-40 | 73951 FV 
— 256,59 


51090814 


100 
8 5390987 
— * | | $4/1-91072 
__ 9775 O + 55þ91155 
— 5691237 
— 58 „91399 | 
_ 8921422 
— 5 9437 [100 + 60þ91556| 
1185818] — 6191632 
12585993 — 62591706 — 
137586165 — 29243] 63917810 — 
1486333} — I 64þ91853|_ 
100 + 15086496 — 91710 + 65091925 
16.866561 — * 91997 
17868144 — 67792008 
18.869683 — 68592137 
19.871204 — 5 6992205 
100 + 20, 87268 — 100 + 70|-92274- 
21587413 — 71592340 
22587556 — 7292406 
2387697 — 173792470 
24/-87835| — | _- 742233 
100 + 25þ87971] — 100 + 7592599 
26,88 103 — 7692066 
27588235 — | 77792723 
28|,88363| — | 78592784 
2988489 — 29792844 
100 + 30, 88613 — 100 + 80, 92906 
31588735 — 8192965 
32588886 — 82593023 
33588975 — 83],93080 
222 84023138 
00 + 35|89205 | — 100 + 8593194 
36,89318 — _ 86[,93249 
32589429 — 87793303 
38589538 — 88593357 
32789545 — 89.234 
100 + 4089750 — 100 + 90,9341 
41|,89855| — 9193513 
4289958 — 92793563 
43590999 — 93593613 
2160 — 9423563 
100 + 4590259 — 100 + 95793712 
40],90353] — _ 961,93760 
4792459] — 97 _ 40 - 
4890543 — 98], E 
49.0635 — 5.54 56,46 | | 


| 


| I III. IV. N V. dof e | FUL. 
| "Mr 1 | Bulk of Dimi- Decim 
x irit! By | me mixture. nuti. | tity of multi- 
. by mea- measure. on of spirit pliers. | 
| * | Toure. | bulk. [per cent. 
re. | | oe 
wenn | i - 
— 100 167,0 259,79 | 
100 — 170,41 | 203,17 
10. — | 177,66] 270,38| 
cw — I 85,5 | 278,20 
— . — 189,77 282,46 
— 3 4 — 194.19 286,89 
— 5 — | 198,82| 291,51 | 
— |.91,76| 185.9 79 28289 — 283265 226539 
— * 5421 [100 + 4097039] — 208,76 301,46 
WY 3% © ny LY 3725 35395 a 3997087 | — | 214.11 2 
| wa 93. , . Ys 7 ; 6 81,9713 — | 219,74 C 3 2,49 | 
e ee e, e e e 
I 3697232| — |_ 231,95 | 324-75 [7, 
Sn . - | \ + 351-97280| — | 238,58 | 331,40 7, 
- 8,24 | 192,18 | 6,06 | 52,04 | ,5272 100 + 35 g 
n Kaan 497328 — | 245-59] 338,45 
= L040] 909 | 0p | NR L500 357376 — | 253.04| 345:93 
= nes | el 32.9744 — | 260,94 | 353-90 
— [101,84 | 195,6 Tal © bread hb, — | 269,37 | 362,36 
— [103,09 |_196,88 | 6,21 | 50,79 | 5146 ee 775 34 | 371,38 
— _ EY | , 2 TP od | 1 
bee e e e 
| — [105,70 19942 | ow | ns eee. 28,97622 — | 298, 22 391,40 
Jag = r 2797672 — | 309,27 | 402,51 
EEA 072} 2:2 £48 
nr; =e9r | | 43504014 [700 T 25197775] — | 37600 427-41 
ere ** 6. 48,45 | 4999 ]] 2497829 — 347,93 41,41 
r | 01998 4877 23/-97884| — | 363,06 | 456,63 
— [114,38] 207,89 | 6,49 48,10 | 1 55 473,246 
20 | 52 47.74 4837 22 9794 379 5 
F 22292 —. 254 491-41 
— . 212 69 | 6,60 | 47,01 | ,4703 100 + 20 798060 F 
ROT 119,29 N 6 62 46,65 4726 19 98120 _ 439-49 | $3351 
— 121,01 ph $44 666 46 * | "4688 | 18 98182 FE. 463,90 558, 06 
r 45,88 | „4649 1798248] — | 491,20| 585,49 
— [124-63] 217-93 re þ 4610 | 16,98316| — |_521,90 | 616,34 [5, 
95649]_— [126,52 |_219-7 T,78 | 45-11 | 4570 168 + 156388 — | 556,69 857729 
| * 128,47 221,69 57 455 , 8 | 6,46 691,22 
. 66 | 6,81 | 44,71 | ,4530 14/904 | 39 
Fara 5 30o47 | _ 68 | 44 30 24489 | 13 98540 PIO 642,34 | 737,27 
— 132,53 225, 9 * 43,90 | 4447 12), 98622 — 695, 86 790,98 | 
61 = [not 88| 22097 | 6:92 | 45.48 24405 |__11:98709| — | 759-13 | 54-43 [4: 
1 95925 |_— 135 : 2 ,98801| — | 835,04 930755 
5996035 | — £644 þ- 54] bot] hope 4275 8,9899 8 — 1043,79 1139.77 
58, 96090 — 143,96 | 230,94 | 7,02 2 81 7599 10% — 1192,91 1289,11 
88.2615 5 7 7. 2 2 4186 9222223 —. | 1391-74 1488.17 [3, 
20199 — 149, : - — 1570,09 1756,78 
100 + 55,9625 2 — 15 244,71 | 7,10 | 40,86 * PF TIEN 5 AN. 3 
54 290307 | — [154:60| 247-49 | 7-1] | 49,40 2 399615 — 2783,45 2880,72 | 
52 prey T 160,55 253.40 75 39.40 ,3998 2.99765 — $9750 . 
5296415 — |160, 8 i ; — | 8350, 2 
51 96467 | 163,72 256,52 | 7,20 | 38,98 | 23949 > 199924, 835 | _ 


Mr, Guam's Tables 
AT 32 | 
FF ; —— _— | 
F 2 | I. II. III IV. V. VI. VII. L 
i Spirit Decimal Spirit an Specific [Spirit Water by | Bulk of on Decimall 
dy water by | gravity. | by | meazure. | mixture. | nuci- | tity of | multi. 
jen] a | weight. | mea-| 2 off spirit | pliers. 
sure. | | sure. bulk. per cent. 
; 800 8 | p- x aa | = r. 
100 — | 100,00 — 100, o0 1,0126 100 4 50% 0682 100 41,73 | 138,18 3.55 | 72,37 ,7328| — 
cs 0,83 | 100,72 | ©,11 99,28 [1,0054 || 51907714 — 42,56 | 138,96 3,60 71,96 7287} 100 
— | 167] 101,45 | 0,22 | 98,57| .99824 52,9858 — | 43:39 139,75 [3-64| 71,56 | 7245 
— | 2-51] 102,18 | 0,33 | 97,87| 9911 | 53590944 — 4423 140,54 3,9 71,16 | ,7205] 
— |_3-34|_102,91 | 0,43 | 97-18 | 9340} 54191029} — | 45-07 '| 141,32 [3-75 | 70,76 | ,7165 | 
- | 4-18 | 103,64 | 0,54 | 96,49| 9770100 + 5591112 — | 45.91 | 142,11 3,89 70,37 | 7125 — 
Tanne $0191194| — | 4973 | 142,90 [3.83 69.98 | ,7086 ”_ 
— | 5-85 | 105,12 | 0,73 | 95-13] 9633] 57191277] — | 47.57 | 143,69 3,88 69.60 | „%% 
| — | 6,68] 105,86 | 0,82 94-49 | 9565 [3891357 — | 48,40 | 144.47 [3 93| 69,22 | ,7oog| 
; —_|__ 7-51 | 106,61 | 0,90 | 93,80| 9498 [2991435 — |__49-24 |_145,26 [3,98 | 08,84 6971 | 
— | 8,35 | 107,36 | 0,99 93.15 9432 [00 + 60|,91513} — | 50,07 | 146, 5 4,02 68,47 | , Em 
— | 9,18| 108,10 | 1,08 92, 50 ,9367 || 61 +4 0 3892 2 5 Rs 68.10 635 vo 
— | 10,01 | 108,86 | 1,15 | 91,86| 9302 62.916644 — | 51,74 | 147,63 4.11 67,74 | 6859 * 
— | 10,85 | 109,60 | 1,25 | 91,23 | 9238 6391739 — | 52,58 | 148,42 4.16 67,38 | ,6822 | 
— | 11,68 | 110,36 | 1,32 90,61 29175 ff__ 64918111 — 53,41 | 149,21 4.20 67,02 | 6786 © 
— | 12,52 | 111,12 | 1,40 | 89,99 9112} [r00 + 55 91883 — 54.25 150,00 [4,25 | 65,66 6750 * 
— | 13,36| 111,88 | 1,48 89,38 9051 66|.91955] — | 55 08 | 150,79 [4,29 | 66,31 | ,6715 — 
— 14.19 112,64 | 1,55 88,78 „8990 67|,92027 a= 55 92 | I51,59 4.33 65,97 „6080 
— | 15,02 | 113,40 | 1,62 88,18 „8930 68, 92096 — 56,75 | 152,38 [4,37 | 05,02 | 6645 
213.8511416 1,69 87,59 8870} 6992164 — | 57,58 | 153,17 441 65,28 | 5011 | 
— | 16,69 | 114,93 | 1,76 87,01 0020 W200 + 79192233] — | 58,42 | 153,97 14-45 | 64,95 „6570 ng 
| — | 17,52 | 115,69 | 1,83 | 86,43 0752] 71592300 — 59,25 154-77 [448 | 04,02 | 6543 25 
| — | 18,35 | 116,45 | 1,91 85,86 „8694 7292305 — | 60,08 | 155.56 (4.52 04,29 | 0509 1 
| — | 19,20| 117,22 | 1,98 | 85,31| 8638 23082438 — | 60,92 | 156 35 4.57 | 03,90 | „04% * 
| — | 20,03 | 117,99 | 2,04 84.8 8582 1493495 | = 601,75 157 15 [4,00| 03,04 | ,0443] [- 
— | 20,86 | 118,76 | 2,10 | 84,20 "28526 ||[100 +75 2855 — 52,59 3 94 4-05 03,32 | „0411 * 
— 21,69 119,53 | 2,16 83,66 „8472 76 92 620] — | 63.43 | 158 73 (4.70 03,00 | 6379 8 
— 22,53 120,30 | 2,23 | 83,13 8418 77, 92682 — | 64.20 159.53 [4,73] 62,08 | „034% 
— | 23,37 | 121,07 | 2,30 | 82,60| ,8364 78 ,92743| — | 65,09 | 160,32 [4.77 | 62,37 | „0315 
_— | 24-21 | 121,84 | 2,37 | 82,07 8311 79 -92802| — | 65,93 | 161,12 0 2 
— 25, | 122,62 | 2,42 | 81,56| 8255 100 + 80,9255 — | 60,76 | 161,91 
— | 25,87 | 123,39 | 2,48 | 81,05| ,8206} 81,92924 — | 67,59 | 162,71 
— | 26,71 | 124,17 | 2,54 80, 54 8155 8292982 — | 08,43 | 103.51 
— | 27,55 | 124,94 | 2,61 | 80,04| „8105 83..93939| — | 69,27 104 31 
_— | 28,38 |_ 125,71 | 2-67 | 79-55| »8055 e 
— 29, 21 126,48 | 2,73 79,06 , 8006 Io + 95 93154 — | 72 94 | 105.90 
— | 30,05 | 127,26 | 2,79 | 78,58| ,7957 86,93209| — | 71,77 | 165,70 | 
— | 30,88 | 128,03 | 2,85 | 78,10| ,790g 87/,93203 — | 72,61 | 167.50 
— | 31,72 | 128,81 | 2,91 | 77,63| 7801 88,93317 — | 73,44 | 108.30 
39]-89600 | — | 32,54 | 129,59 | 2,95 | 77-16 ,7813}__ B89 93370|— | 74:8 109.19 
1100 + 49|,89705 | — | 33-39 | 139-37 | 3-02 | 76,70| 767 [00 + 9093421] — | 75-14 (102 90 
41898110 — | 34-22 | 131,15 | 3,07 76,25 ,7721|| 91593473 — | 75:94 | 170,70 
© I 42|,89914| — | 35,05 131,93 3,12 75,80 ,7075 9293523 — | 70,78 | 171,50 
| 439015 — | 35.89 | 132,71 | 3-18 | 75-35| 7630] 93195573] — | 77:61 | 172.31 
44.901165 — | 36,72 | 133-48 | 3,24 | 7491 | »7586 92423523 — | 78.45 | 173.11 
100 + 45|,90215| — | 37,55 | 134-26 | 3,29 74.48 7542100 + 95 93572 — | 79-28 | 173-91 
46|,90310| — | 38,39 | 135,05 | 334 | 74-05 | »7499 9693720 — | 80.10 | 174,70 
4 47.904 | — 39,22 135-83 | 3-39 | 73,62 ,7450 9793767 — | 30,93 | 175,59 
48|,g0500| — | 40,06 | 136,61 | 3,45 873.20 7413  98],93814| — | 81,77 | 170 30 | 
49,9059 — | 49-90 | 137,39 | 3:51 72,78| ,7370 9993860 — | 82,61 | 177»10 


vii. 


MDCCXCIV. 


» 1 | | 
i- | tity of 
spirit 
Per cent. 
177-91 | 100 | 25973 38.50 
— 178,73 — 263,10 , 21 38,01 
— 180,1 | — 270, 31 , 25 37,00 
Vue _181,27 | — 274,16 30,47 | 
— 182,15 100 ＋ 45 — 278,19 [7,27 | 35-94 | 
_ 183,05 _ 282,39 3541 |» 
— 183,97 — 286,81 34.86 
— 184,92 — | 291-43 7,28 34.31 
— 135,89 — 55 |_290-27 22822 
100 + 90/,94370| — | 186,87 | 100 + 40 — | 301,37 | 33e18 
39.44 — 187,88 4 | 306,73 7,26 32,60 
88/,94470] — 383| 188,91 1 312,39 7 32,01 
8794520 — 189.97 — 318,35 31,41 
Line SAILS 39305 | RP — | 324-b4 [7:18 | 39,80 
100 + 2554521 — 192,18 100 + 35 — 5 331,29 30, 18 
8494673 — 5 193-28 | Eo — 338,33 7.12 29,562 
9394724 — 194-44 | — | 345-81 29.92 
82,94775| — | 195,63 | = | 35376 28,27 
L. 8124826 — 196,85 Bs — 362, 236 27,61 
100 + 80, 94870 — 198,11 100 + 30 — 371,24 | 26,94 | 
7994928] — 199-39 | — 380,89 89 26,25 | 
_ 78194979] — | 200,71 | 6 — 391,23 6,810 25,55 
7795031] — | | 202,06 — 492,35 24,85 | 
— 203-46 | 6 — 414-32 [6,66 | 24,13 
100 + 75795134 — 111,27 204,88 100 + 25 — 427,23 23,41 
1134 .95187 — 112,77 206,35 — | 441-22 6,52 22,66 
7395239 2 207,86 6,46 — 6 | 456,43 [0,43] 21,91 
72|-95292 | 209,41 | — 473.03 6 21,14 
2125345 4| 211,02 | — 491.19 20, 36 
100 + 70, 95398 — 119,22 212,65 100 + 20 — 511,18 19,56 
| $9þ95451 214,35 — 33326 18,75 
68.95 506 22,72 216,09 — 557.80 17,93 | 
671-95560| — 124,56 217,89 1 — 585,21 17,09 
| 66/.95615! — 126,45 219,74 | — 1 — 616, 04 16,23 
100 + 65,9567 — 128,40 221,65 100 + 15 — 650,97 15,36 
64.955725 — 223,62 = | 690,87 5.26 14.47 
63595780 — 225,65 — 736,89 13.57 | 
6295836 — 227,74 — 790, 57 12,65 
615958910 — 229,92 — 85 3.99 11,71 
100 + 60],95947| — 232,17 100 + 10 _ 58 | 930,05 10,75 | 
59796002 — 234,49 9 — 1023,01 9.77 
58, 96057 — 236,89 6 8 — 1139,16 8,78 
5796112 — 239,40 7 — 1288,41 7.76 
5696167 — 241,99 6|,9 — | 1390,97 | 1487,30 6,72 
100 + 55 »90221 Wn? 244,00 5 — 1765,82 5,66 
5495276 — 247,44 4 — 2183,38 4.58 
53963310 — 250, 33 30 — 2879,13 347 
5296385 — 253-34 | 2 — 88 4270, 35 25,34 
51096438 — 256,46 I — 8345,76 8443.54 1,18 


Mr. Gir Tables 
HEAT 39% 


| 
VIII I. | II. by IV. | VII. 
Decimal || Spirit and Specific [Spirit] Water | Bulk of ; * 
of | multi- water by | Sravity. by | by | mixture, i= | taty « of | multi. 5] 
phers. {| weight. | mea- | measure. on of spirit | pliers, 1 
1 gure. | |  _ Pbulk. ne. | | 
— | Ko 
is P. ＋ W. 1 | | | W 
00 — | 100,00 | — 100, oo 1,0120 100 4 500: 90639 100 41,70 138,17 3.531 72537 7324 55 
— | 0,83 | 100,72 | o, 1199,28 1,048 5190728 — | 42,54 | 138,95 13,59| 71,96 | 283 
— | 1,67 | 101,45 | 0,22 98,57 9976] 5290815 — | 43-37 | 139-74 13-03] 7156 | ,7242| | 
— | 2,51 | 102,18 | 0,33 | 97,87] 99 — $53þ-90901| — | 44-20 | 140,53 [3,07 | 
— |_3-34 |_102,91 | 0,43 97,18] -9834]} 5490986] — | 45-04 _141-31 [3-73 
— | 4-18 | 103,04 | 0,54 | 96,49 9764 | 100 + 5591069 — | 45,88 |} 142,10 3578 [4 
— | 5,01 | 104,38 963 95,80| 9696 5691151 — | 46,70 | 142,89 [3,81 | 69 
— | 5,84 | 105,12 | 0,72 95,13 9628 57591234 — | 21029 143,68 13,86 | 69 
— | 6,68 105,86 0,82 | 94,47| 9560 58|1-91314| — | 48,37 | 144-40 3,91 
— | 7,50 | 106,60 | 0,90 93.80 9423 ee 145.25 3:96 
— | 8,34 | 10735 | 099 | 93I5| 9427 [100 + 6091470 — | 50,04 | 146,04 [4,00 
— | 9,18 | 108,10 | 1,08 | 92,51| ,9362| 61591547 — | 50,87 | 146,83 [4,04 | 
— | 10,01 | 108,85 | 1,16 | 91,87| ,9297 6291622 — | 51,71 | 147,02 [409 
— | 10,85 | 109,60 | 1,25 | g1,24| 9233 6391697 — | 52,55 | 148,41 4,146 
— | 11,68 | 110,36 | 1,32 | 90,62| 9170 ũ ᷑ 6491769 — | 53,38 | 149,20 418 
— | 12,51 | 111,12 | 1,39 89,99 910% 100 + 65|-91841| — | $422 | 149599 [4:23 
— | 13,35 | 111,28 | 1,47 809,38 9046] . 66|-91913] — | 55-95 | 150,78 [4,27 
— | 14,18 | 112,64 | 1,54 | 88,78| ,8985 67.919885 — | $589 | 151,58 14,31 
— 15,01 113,40 1,61 | 88,18| ,8925 68,92055 — 36,72 | 152,37 435 
— | 15,85 | 114,16 | 1,69 | 87,59 8805 il 659.92123 —-| 57555 | 153,16 14-39 | 
— | 16,68 | 114,92 | 1,76 | 87,01| 8806100 + 70|-92192] — [38,39 15 3-90 143 
— 17.52 116,59 1,83 86,4 8748][ 7192259 — | $9222 | 1547/5 4,47 | 04,0 
— | 18,35 | 116,45 | 1,90 | 85,87| „8690 72|-92325| — | 60,05 | 155,54 [4:51] 6 
— | 19,18 | 117,21 | 1,97 85,31 586331 73592390 — | 60,89 | 156,34 455 
8 | 20,02 | 117,98 2,04 | 84,75 = | 741292454] —_ 61,72 157,13 +:59 
— | 20,85 | 118,75 | 2,10 | 84,20 87 22 100 + 75|-92517| — 62,55 | 157,92 4-03 | C 
— | 21,68 | 119,52 | 2, 1683,66 84680 7692579 — 63,39 158,71 4-08 
— 1 — | 22,52 | 120,29 | 2,23 | 83, 13 8414 77592641 — | 04,23 | 159,52 |4-71| © 
3 — | 23,36 | 121,07 | 2,29 82,60, 83601 78|-92702| — | 65,06 | 160,30 [|476| 
| i — | 24,19 | 121,84 2535 82, 8307 7992760 — | 65,89 | 161,10 1479 
_ — | N 122,01 | 2,41 | 81,56} "3254 flioo + 80|-92824 — | C£6,72 | 161,89 |4.53| 01, 
_ — | 25,85 | 123,39 | 2,46 | 81,05| ,8202j[9 B81]-92883| — | 67,55 | 162,69 85 
| — | 26,69 | 124,16 | 2,53 | 80,54| 8151 8292941 — | 08,39 | 163,49 14-99 
_ — | 27,53 | 12494 | 2,59 | 80,04| 8101 83.929790 — 69,23 104,25 [494| C 
| | — | 28,36 | 125-71 | 2-65 | 79-56 34.27 — |_70:99 | 165,09 [4.97 | 
1 — | 29,20 | 126,48 2,72 | 79,00 8002 160 + B51,93113] — 70, 90 165,88 5.0 50, 25 
| ny — | 30,03 | 127,26 | 277 78,58 7953] —  B86þ93169| — | 71,73 | 105,68 15,05 |. 
1 — | 30,87 | 128,03 2,8478, 10 7% 5 87.3223 — | 72557 | 107,48 5.0955 
on: — | 31,70 | 128,81 | 2,89 | 77,63 7857 88593277 — | 73-40 | 168,28 |5,12 
13 — 3233 122.2 2242122892 85]-93230| — |_74:24 | 109-08 1 
| 1h — | 33-37 | 130,37 3-00 | 70-71 763100 + 9093388 — | 7507 | 909 Bobo Þ 
3 — | 34-20 | 131,14 3,0676, 26 7717 193433 — | 75-90 | 170,08 |5-22| 5 
| *# — | 35-03 | 131,92 | 341758107671 2 „93483 — | 70,74 171,48 [5,20 
| 1 — | 35,87 | 132,70 | 3.17 | 75-36} 7626)  931-93533] — | 77-57 | 172-29 |5-28| 5 
Wan - | 36,70 | 133,48 | 3,22 | 7492 7582 9493583 — | 78,41 | 173-09 [53* | 
1538 — 37,53 | 134-26 | 3-27 | 74:48| 7538 [00 + 95|-93032] — | 79-24 } 73 89 1535 
8 8 — | 38,37 | 135-04 | 333 | 74-05] »7495| g96|,93680} — | 80,06 | 174,68 |5,3>] 5 
| i — | 39,20 135.823,38 73,63 252 | 971-93727| — | 80,89 | 17548 [5-41 
We | — | 40,04 136,060 | 344 | 73-21 27499] 985937744 — 81,73 | 170,28 5,45 
We — 40.87 | 137-39 | 3-48 72,79 7366 9993821 — | 82:57 177,08 5249 
| "| 
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for Sptrituous Liquors. 


TABLE u. | | Ty 
l | — — — —— 
| 1 Int. IV. v. | vi. vn. | var. | 
: : * of |Diminu-| Quan- Decimal Water and 
Twink roo — — 4 | 1 — tion of oy of | = yams mY 
| - | spirit ters. eight. 
weight. _—_ * — Pr cent. | 2 | 
| oY EE” W. + Sp. - 
— | — — p , 100 | 166,82 | 259,07 7,15 , 1 
oo 100] ,93897] 100 | 83,42 177-99 22 A oat 3 — | 170,22 3 7,19 38,02 | 3848 
reer 489557 — 173.77 | 260,55 [7,22| 37,51 | +3797 
98 939591 — 85,13 179,54 5559 FT 96626 OE 177,46 270,24 7,22 37,01 »3740 ' 
| 97 949005 — 86,00 180, 39 561 * 7 6680 0 181,33 274-09 7,24 36,48 3693 
1 5.94050 — 386,89 181.25 | 5,64 55-17 | 40| »J0090] — | 191,3: — 
4 22 — 8 Nr 100 + 45 96733] — | 155,30 | 278,12 7,24 35,95 »3939 
. Weg br ed beware Bong 6 4496780 — | 189,57 | 282,32 7,25 35,42 | ,3585 
| 94|-94143] — | 88,73] 183,02 | 5,71 4396838 — | 193,98 | 286,73 7.25 34.87 ,3530 
i 93 594190 — | 89,69 183.95 | *. 42 96890 * 198,00 291,34 7,26 3432 53474 
92 94237 — 90,66 184,90 | 5,7 1.96941 — | 203,44 | 296,19 |7,25 | 33,76 | ,3417 
21242801 — 91,66 185,86 580 —— 729 — . 
5e + 2422 — | 92.68) f %% 5388 || 39.784 — 213.87 | 306,64 [7,23 32,6 | ,3300| 
: 89|-94383| — 93.72 187,85 | 5,87 | 53,23 _ 2 7002 — | 219,50 | 312,29 [7,21 | 32,02 | ,3241 
88094433 — | 94-78] 188,88 | 5,90. | 37 714% — | 225,43 | 318,25 (7,18 | 31,42 318 
87194483] — | 95,87 | 189,94 | 5-93 | 52,65 1 37 9 101 — 223,69 324553 [7,16 | 30,81 3119 
861-945 34|_— |_96-99|_191-02 | 5-97 | 52.30 11 - —_ —] 238,32 | 331.18 [7,14 | 30:19 | 3056 | 
100 + 85|-94584| — | 98,13] 192,12 | 0,01 ä 97290 — | 245-32 | 338,21 |7,11 | 29,57 | 2993 
| 8494630 — | 99,29| 193,25 | 6,04 | 34 7339] — | 252.7 345,69 [7,07 | 28,93 2928 
8394687 — 100, 50 194,41 | 6,09 33 22285 — 280,66 353,53 7,03 | 28,28 | ,2862 | 
1 82.947380 — [101,72| 195,60 | 6,12 i — - — | 269,07 | 362,09 6,98 27,62 »2795 | 
81 94789 Oe 102,97 196,82 6,15 W 29/439 = yy wy 26 32727 | 
VI k - SET 100 + 30] 97489] — | 278,04 | 371,10 [0,94 | 20,95 | 4272; 
100 + 80,948 39 — 104.27 198,08 1219 29.975390 — | , 287,62 | 380,75 6,87 26,26 | ,2658 
ee [20g-gh] rom-g8 1 Gan. 28 97392) — |" 297,90 | 391.09 (6,81 | 25,57 | ,2588 
 78|-94942| — [196,94| 200,68 | 8 2 % — | 308,93 | 402,19 [6,74 | 24,86 | 2517 
77194994 — [108,33 202,03 * [ 26 97696 — 320,81 414,15 6,66 24,14 | +2443 | 
76| 95040 — 109.75 203.43 232 3 333-04 | 427205 6,59 23,41 „2370 
100 + 75195997] — [111,21] 204,85 | 6,36 | 2 7% — | 347-55 | 441,04 [6,31 | 22,67 | ,2296 | 
| 74|»95150| — 112,71] 206,32 | 6,39 2 22 — 362, 456,24 6, 42 21,92 | ,2218 
| 73595203 — 114.26 207,82 | 44 25 27 21 — 379,14 472,82 6,32 21,15 „2140 
| 72.9250 — 115,85 209,38 | 6:47 21 2 — | 397-20 | 490,97 6,23 | 20,37 2001 
E . Bac ce i 100 + 20 — — | 41/06 510,95 |6,11| 19,57 1981 
100 + 791,95 363] — 119,15 212,61 | 6,54 8828 439-01 | 533-01 6,0 18,76, 1898 
| ©91-95417| — 12,87 214,31 | 6,56 198160 — | 40340 | 557-54|5,86| 17,94 1675 
{ 68|,95472| — 122,65 216,05 | 6,60 —"_ pes 6| — 490, 66 584,93 5.73 17,10 | ,1730| 
6795526 — "54-0 e | * = — — | 521,32 15,74 5.58 16,24 1643 
FFF 100 + 15| 5837 — | 550,08 | 050,05 54 7,7 1577 
100 + 5.95636 — |128,33| 221,61 | 6,72 1.5845 — | 595,80 | 690,53 5,27 14.48 | ,1466 
645569 — 130, 33 223-58 | 6,75 eel | ie | voir eotanint enact 
Heats , ial 13| ,985 33 041,04 | 73051 [5,13] 13,58 
832574 — 32-39 225,60 | 6,79 12,9801 — 695,10 790,17 [4,93 | 12,65 | ,1281 
52.9580 — [134,52| 227,70 | 6,82 | 4 jv 758,29 |_853,55 4724/1121 | 1186 | 
01 -95857] — [136-731 229.88 | 6-85 | 43 35551 929,50 4,56 10,76 100 
. . | 9360 $r0o + 101 ,98797] — 926,80 | 1022.47 4.3 9.78 | 0990 | 
59]-95969| — 144,36 234-44 | 6,92 | 42,65 | ,4317 e i rl ont a 
$23 90044] — [143-00] 236.84 | 6,96 | 42,221 :4373 2 — — ap. 1287,72 3,88 7,77 | 0786] 
57] -90030| — 146,33 239,35 | 6,98 | 41,78 8 — 428225 — 222 1480-55 [3-05 |_ 0573 oosrf 
56 290135 — 148,95 241-94 | 7-01 | 41,33 (4184. — 1668,25 | 1704:86 [3,39] 5:67 0573] 
100 + 55 96190 W 151.65 244,01 7,04 40,88 54137 100 + 5 2 Ss | 2585 30 2182,19 3-11 4,58 20464, | 
34.965245 — 154,44] 247-38 | 7,06 | 40,42 | ,4091 1 2780,39 2872.55 4,6840 3:47 352 
53963010 — 157.34] 259,27 | 7,07 | 39,95 | 4044 31 »99 2 5 11 2,58] 2,34 0237 
5296355 — [160,37] 25328 | 7,09 | 39,48 | 3996 21,997 $ 2 8438,90 2,28 1,18 012% 
51196409] — [163.54] 250,40 | 7,14 | 39.00 | ,3947 1| 99925] — | 8341.1 (2.28 | 1.14 


Mr. GiLem's Tables 


HEAT 409. 
| —— | — menen 2s | 

V. | VI. | VIE. VIII. I II. II.] IV. V. VI. vn. vin. 

Bulk of Diminu- Decimal|| spirit and |Specific Spirit Water | Bulk of Dimi- Quan- Decim 

mixture, | tion of | tity of | multi- water by |gravity.| by | by mixture, | auti-| tty of | multi. 

bulk. | spirit pliers, weight. k mea- | measure. on of| spirit pliers, 

| | . = Sure, | Bulk. | fer cent 
| Y 1 

100 — | 100,00 | 1,0114 100 + 50] -90596 100 41,68 | 138,16 3,52 72,38| 7321 
— | 0,83 | 100,72 | „90685 — | 42,52 | 138,95 3,57 71,97 | »7280 
— | 367 | 103.45 | »90772] — | 43-35 | 139573 3,52 7157| 7239 
— | 2,50 | 102,18 90858 — | 44-18 | 140,52 3,66 71,17 »7 198] 
— |_3-33 |_192-91 90943 — | 45,02 | 141,30 3,72 70,77 | 7158 
— | 417 | 103,04 91026] — | 45-85 | 142,09 3,76 70,38 ,7118 
— | 5-00 | 104,38 | 91109 — | 46,68 | 142,88 |3,80| 69,99| ,7079| 
— | 5,84 | 105,12 | 91191 — | 47,52 | 143,67 [+85| 69,61] ,7040f 
— | 6,67 105,86 | 91271 — | 48,35 | 14445 3,90 69,23 ,7002| 
— | _7-50 | 106,60 | 291350| — |_ 49-19 | 145-24 [3,95 | 08,85 | 6964 
— | 8,34 | 107,35 | © 91428 — | 50,02 | 146,03 3,99 68,48 | ,6926| 
— | 9,17 | 108,10 | 91504 — | 50,85 | 146,82 4.03 68,11 5899 
— | 10,00 | 108,85 | 91579 — | FL, 147,61 [4,08| 67,75 „6852 
— | 10,84 | 109,60 91654 — | 52,52 | 148,40 4.12 67,39 „6816 
e 11,67 110,36 1 91727 — | 53-35 | 149,19 4,16 07,03| 6780 
— | 12,50 | 111,12 [291799 — | 54-19 | 149,98 4.21 66,67| ,6744 
— | 13,34 111,87 91871 — | 55,02 | 150,77 (4. 25 66,32 ,6708 
— | 14.17 | 112,63 | 91943 — | $586 | 151,57 [4,29| 65,98| 6073] 
— | 15,01 | 113,39 | 1 22013 — | 56,69 | 152,36 433 55,53 6639 
— | 15,84 | 114,15 | 22082 — | 57,52 | 153,15 [4,37 | 95-29| 0605 
— | 16 57 114,92 | 92151 — | 58,36 | 153,94 4.42 64,96 0570] 
— | 17,51 | 115,68 | 292218] — | 59.19 | 154-73 44% 64:03] 5537 
— 18,34 116,45 922844 — | 60,02 | 155,53 449 64.30 „6503 
— | 19,17 | 117,21 923490 — | 60,86 | 156,32 [4,54] 5397 | 6470 
— | 20,01 117,98 | 92413 — 61,69 157,11 [4.58 3.55 6437 
— | 20,84 | 118,75 | 92476 — | 62,52 | 157,91 4,61 63,33 0495 
— | 21,67 | 119,52 ,92538] — | 63.36 | 158,70 4,66 63,01| 0373 
— | 22,51 | 120,29 | ,92600| — | 64,19 | 159,50 4.69 62.69 0341 
— | 23,34 | 121,06 92661 — | 65,03 | 160,29 4.74 62,38| ,6310 
— | 24.18 | 121,83 22722 — | 65.86 | 161,09 |4,77| 62,08| 6279] 
— 25,01 122,01 | 92783 — 66.69 161, 88 4,81 61,77} 6248 
— 25.84 123,38 | 92842 — | 07,52 162,08 4-84 | 01,47 6217 
— | 26,68 | 124,16 | 92900 — | 68,36 | 163,48 [4,88] 01,17| 6187 
— { 27,51 | 124,93 92958 — | 69,19 | 104,27 4,92 60.87 | ,6157 
— | 28,35 | 12570 |_2 293016] — |_ 79,03 | 165,07 (4-96| 60,58] 0127 
— 20718 | 126,47 | ,93072] — | 70,86 | 165,86 |5,00| 60,29| ,0095 
— * — | »93128] — | 71,6y | 166,66 |5,03| 60.00 00% 
— 30,8 5 | 128,02 »93183 — 72,53 | 107,46 [5-07 59,72 „6040 
— | 31,68 | 128,80 | 93237 — | 73:36 | 108,26 5-10 59-43| 6011 
— 32.51 129,58 2 593290 — 74,20 169,06 514 59.15 5083 
— 130, 36 93341 — | 75-03 | 169,86 5,17 58.875955 
— 33-55 131,13 93393 — | 75.86 | 170,66 5, 20 58, 60| 5927 
— | 35,01 | 131,91 | 93443 — | 76,70 | 171,46 5,24 58,32| 5599 
— | 35,85 132,59 93493] — | 77-53 | 172-27 15-26] $8,05| -5872 
— | 36,68 | 133,47 293543] — |_78-37 |_173:07 |5-39|_57>78| 15545 
— | 3751 | 134-25 293592] — | 79-20 173,87 |5,33| 57-52| 5816 
— | 38,35 | 135,03 6.93640 — | 80,02 | 174,66 5,36 57.26 575. 
— | 3918 | 135,81 ,93687] — | 80,85 | 175,46 6539 5-99] 5755 
— | 40,02 | 136,59 93734 — | 81,69 | 176, 20 5,43 56,73 5739 
— | 40,85 | 137,38 | 93781] — | 82.52 | 177-06 [5-46] 56-48] +5713 
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TABLE II. HEAT 400. 
I. IL. | IV. V. VIILS L- 
Water and Specific irit[ Water | Bulk of Decimal! Water and 
spirit by | gravity by mixture, multi- spirit by | 
weight. | | e. pliers. [ weight. | 
| | *. | | 
W. + 5p HEE: tes, 
100+ 100|-93827 83,37 177987 | 5 +5686 | 100 þ 50 100 
991-93373| — | 84-22|-373,69 | 5 | 5960 | 49 — 
9893919 — | 85,05| 179 52556 5034 48 — 
97193 — | 35,96} 180,37 | 5608 47 * 
9694012 — | 80,85 181,23 »5581 | 46 ana 
100 + 95194958 | — 87,76 182, 10 5554 [100 + 45 —5 
9494105 — 88,69 183,00 55527 44| ,96 — 
9394152 — | 89,64| 183.93 | ' | 25499 43 — 
9294199 — 90,61 184,87 25471 42 — 
| 91594247 — 91,61 185,83 5443 3 . 
100 + 90,9495 — 92,63 186,52 | « 55-07 | >5414 $109 + 49 — 
9.94345 — 93-67| 187,82 4 | 5385} 32 — 
88.943985 — 9473 188,5 5356 38 — 
87134445 | — | 95-82| 18,,91 5326 37 — 
8694495 — 95,94 199-99 222. 36 — 
100 + 85.945475 — 98,08 192,09 | 5 5 265 0 + 35 ag 
8494598 — | 99.24| 193-22 | © 52351 34 — 
8394649 — 100, 44 194538 | „5204 33 * 
8294700 — 101,67 195957 | 55172 32 3 
8194751 — 102.92 190,79 31 | 5140 | 31 — 
100 + 80, 94802 — 104, 210 198,05 | 19 „5 10% 100 + 30 — 
79794853 — [195,53] 199,33 E — 
787594904 — 1106, 88 200,05 | 5041 280 — 
7794955 — 108, 27 202, 507 v7 _ 
76|-95008 | — [109,69 | 203-39 | f 4973 20] Lo 
100 + 75|-95000| — 111,15 204,82 4938 100 + 25 _ 
74595113 — 112,65 206, 28 4903 24 * 
35166(— 11420 207,79 | 6 4867 23 * 
72595220 — 115/79 209,34 | © 4831 E — 
— — _ | + | >: | 24795 | 21 _ 
[100 + 70/,95 328 — 119,09 212,58 4758 lO 20 — 
69595382 — 120, 810 214,27 4720 19 — 
68 8.95437 — 122,59 216,01 4682 18] _ 
67 5492 — 124,42 217,81 | 4644 17 os 
— 66/95547| — |126,31| 219-00 _ 4605 | 19], ws. 
IE. 95002 — 128,26 221,57 4565 loo + 15 — 
68495657 — 30,6 223-53 4525 14 — 
6395712 — 132,32 225,50 4484 13 . 
| 62 95768 — 13445 227,66 4443 12 3 
5195823 — 136, 229,84 441 11 — 
100 + 6095879 — 138,94 232,03 4358 100 + 10 — 
59595935 — 141,29 234-40 66 4315 | — 
8722, | — [143-73] 230-50 24271 | _ 
5796047 — 145,25 239,39 4227 — 
56,96103 — 148, 35 241,89 4182 N 
100 + 55798159 — 15157 244-56 4136 [100 + = 
5490214 — 154,36 247,33 4039 — 
5596270 — 157,20 250,22 96 „4042 — | | 
$21,96325| — 160, 29 253,22 39. 3994 — 4265,67 
116379 — 163.45 256 34 39.013945 = | 8434-27 
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you. Mr. Gilrm's Tables 

HEAT 41*. 

wank x en n wv. i v. | 

Decimal| | Spirit and | Specific Spirit Water Bulk of 

multi- || Water by | gravity.| by | by mixture. | 

pliers. j} weight. mea-| measure. 

| sure 
| Pp- ＋W. 
oo — J. 100,00 | — ioo, oo 1, oioꝗ [100 + 5090553100 41,66 | 138,15 
— { 0,83] 100,72 | 0,11 | 99,25[1,0037| 5 1.90642 — | 42,50 | 138,94 
— | 1,67 | 101,45 | 0,22 | 98,57| 9965 $21:90729]} — | 43233 | 139,72 
— 2.50 102,18 o, 3297,87 9894 53˙908 15 — | 44-15 | 140,50 
— | 3,33] 102,91 | 0,42 | 97,18 29824] _ 54199900 | — | 44:99 | 141-29 
'— | 4-17 | 103,64 | 0,53 96,49 9754/00 + 55]-99984| — | 45-82 | 142,07. 
— | 5,00| 104,38 | 0,62 | 95-81 „9685 56.910066 — | 46,65 142, 86 
— 5.84 105,12 | 0,72 95,130 9617 57291148 — | 47:49 | 143-05 
— | 6,67 | 105,86 | 0,81 | 94-47| 550 _ $81,91228] — | 48,32 | 144,43 
— | 7:50 | 106,60 | 0,90 | 93,81 | 9483]  59-91307| — 42.1 | 145-22 
— | 8,34 | 107,35 | 0,99 93.16 ,9417 [100 + 00,91385 | — | 49,99 | 146,01 
— | 9-17] 108,10 | 1,07 | 92,51 | 9352 61],91461| — | 50,82 | 146,80 
— | 10,00 | 108,85 | 1,15 | 91,87 | 9288 621,91536] — | 51,66 | 147,59 
— | 20,84 | 109,60 | 1,24 | 91,24| 9224 63ʃ.91611 — | 52,49 | 148,38 
— | 11,67 | 110,36 | 1,31 | 90,62| 916% 64.1584 — | 53,32 | 149,17 
— | 12,49 | 111,12 | 1,37 | 90,00 9098 [00 + 65]-91756] — | 54-16 | 149,96 
— | 13,33 | 111,87 | 1,46 | 89,38| ,9037} 6691828 — | $499 | 15075 
— | 14,17 | 112,63 | 1,54 | 88,78| ,8976 671,91900| — | 55,82 151,55 
— | 15,00 | 113,39 | 1,61 | 88,19| ,8916 68|,91971| — | 56,65 | 152,34 
— | 15,83 | 114,15 | 1,68 | 87,60| 8856 69192040 | — | 5749 |_153-13 
— | 16,66 | 114,92 | 1,74 87,02| 5797 [100 + 7992109 — | 58,32 | 15392 
— | 17,50 | 115,68 | 1,82 | 86,44 | 8739 71592176 — | 59,15 | 154,71 | 
— | 18,33 | 116,44 | 1,89 | 85,87 | ,8681 7292242 — | 59,98 | 155,51 | 
— { 19,16 | 117,21 | 1,95 | 85,31 | 8625 73192307 | — | 60,82 | 156,30 
— | 20,00 | 117,98 | 2,02 84, 76,8569 7492371 — | 61,65 | 157,10 
— | 20,83 | 118,74 | 2,09 84, 21 „8513100 + 75|-92434| — | 62,48 | 157,89 
— | 21,06 | 119,51 | 2,15 76|,92496 | — | 63,32 | 158,08 
— | 22,50 | 120,28 | : 8 77592558 — 64,15 | 159,49 
— | 23,33 | 121,06 | 78 92619 — | 64,99 | 160,27 
— | 24,17 | 121,83 79592680 — | 65,82 | 161,07 
— | 25,00 | 122,60 | 100 + 80],92741| — | 66,65 | 161,86 
— | 25-83 | 123-37 81],92800| — | 67,48 | 162,66 
8| — | 26,66 | 124,15 82|/,92858|] — | 68,32 WI | 

— | 27:49 | 12492 | 83.929160 — 69,15 164-25 
— | 28,33 | 125,09 | __ 84]-92974| — | 69,99 |_ 165.05 
— | 29,16 | 126,46 100 + 8.93030 — | 70,82 | 105,84 
— | 29,99 | 12724 | 86|,93086| — | 71,65 | 166,65 
— | 30,84 | 128,01 | 87],93142| — | 72,49 | 167,44 
— | 31,66 | 128,79 88.931953 — | 73,32 | 108,24 
— | 32-49 | 129,57 _ 8993248 — | 74-1 169,05 
— | 33-33 | 130,35 100 + 9093290 — | 74-99 169,85 
— | 34,16 | 131,12 9193351 — | 75,82 | 170,05 | 
— | 34-99 | 131,90 92|-93491| — | 76,65 | 17144 
— | 35-93 ] 132.68 93þ93451| — | 77:49 | 172-25 
— | 36,66 | 133,46 94493501 — | 78,32 | 173-05 
— | 3749 | 134-24 100 + 95]93550 — | 7915 | 173-85 
— | 38,32 | 135,02 9693598 — | 79:97 | 174-04 
— | 39,16 | 135,80 97193646 — | 80,80 | 17544 
— | 39,99 | 130,58 9893693 — | 81,64 | 170,24 | 
— | 4983 | 137-37 99.937400 — | 82,47 | 177-04 
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HEAT 41. 
e Us ys jo 
. V. | VI. | VII. | VIII. I, 
Water | Bulk of |Diminu-| Quan- Decima 
by mixture, | tion of tity of — | — —4 
| bulk. spirit lhiers. : 
| Piri P | Ww 
= 2. HR: per cent | ; 
* _ 3 | | W. + Sp. 02 
100+ 100] ,93786| 100 | 83, 32 177, — 
reti 
98093879 — 85,03 179,49 | 5-54 1 12 4995059 2 
97939260 — 85,91 180,34 | 5.57 | 55-45 | 5005 || 5 I 
Me  961,93972| — 86,80 181,20 | 5,60 | 55,19 | 25579 | 45 . Fab | 
100 + 95.9409 — | 87,71| 182,07 | 5,64 | 54 1 1 — 
92,4160 — 9,58 154,84 | 5,72 | 5410 64. Ad. r 
224258 — | 91,55] 185.80 | 5,76 | $3.82 44. 22 = 
100 + 90 94256 — | 25 8 186, Fa 70 — 1. 2 
ee RS 
85]-94350| — 94.68 188,82 n 23 55954 85 
| 87.944060 — |} 95-79| 189,88 4 —— OY 
| $61,9445,7| — 5,88 190,97 "OE CS _ 
100 + 8594508 — 98,02 192,06 2 N — | 
8494359 — | 99-19| 193-20 e 
8394510 — 100, 38 194,36 | ö 7-08 | 29,59 | 2991 
reinen 33 730 — 252,48 345451703] 28,95 2927 
W 7 81947 12.— 102.86 196,70 | | 32 —_ — _— 35 3.36 E 28,30 2861 | 
100 + 80| ,94762| — * 8 — 2 268,77 361,826,965 27,64 | „2794 
79094814 — an gd 199-30 Go OY 100 + 30|-97455| — | 27774| 370,83|6,91| 26,97 | ,2720 | 
78| ,94306| — 106, 82 200,02 | 9,20 | 49,84 on 2 pad. — | 287,31} 380, 466,85 20,28 | ,2057 | 
7794918 — 108, 21 201,97 | 6,24 | 49,51 245 - 975 — 297.57] 390,78 6,79 25,59 | »2587 
— 9 94979} _— [129-03 203.36 | 6-27 | 49-17 | »4971 ; A 57668 _ ogy 2 6.64 _—_— 2508 þ 
100 + 759523 — 111,09 204,79 | 6,30 1 — — — x uf mn ns 5 Fam cata hw 
| 74 m—y _— 12 — 4. | — Sy 9-4 100 + 25 297722 — | 333-28] 420,70|6,58| 23,43 | 2369 
73|-95129| — 114,14 207,75 6,39 | 48,13 486 | pn. 1 347,7] 4,67 6,50 22,09 | ,2294 
55163 — 115.72 209.30 | 6.42 | nt AN. 362,26] 455,85/0,41| 31,93 } 2218 
9523 — 117,35 210.90 | 6,45 | 47,42 47 2297898 — | 378,73] 472,416, 3221,16, 2140 
. TT 244224 21.795 — 395,75 49.84 522238 28 
95291 — 119,02 212,55 6,47 | 47,05 | 4756 ioo 1 | | 
9.95346 — [120,74] 21424 | 6,50 | 46,68 | ,4719| e 0,11] 19,59 | ,1980 
95400 — 122,52 215,97 | 6,55 | 46,30 4687 2 438-53] $32-52/0,01 18.781898 
67954560 — 124,35 217,77 | 6,58 | 45,92 4643 1. hi v6.49 — | 492,90 55752058 17295 1815 
6.95511 — 126,24 219,62 | 6,62 | 45,53 | „4% _ e 98437 5756 17-11 | 1730. 
— — —n — Eo} IE. 293] — | 520,76] 615.1 5.62 16,26 | ,16 
95567 — 128,18 221,52 6,60 4514 4564 100 + 1 8 266 1 Cr ha 43 
95622 — 130, 28 223,49 | 6,69 | 44,74 K+ | 2 po — 555˙48 050,0115-47| 15,39 | 1555 
ie ets ies Lk. 2 : 1222 — 595,15 689,855.30 14.501405 
95733 — 134.37 227,61 6,76 | 43.93 4442 Es _ | 649.92] | 735»78 $14] 13,59 | »1374 
95789 — 136,58 229,80 | 6,78. | 43,52 | ,4400 || 11 2 JE 4.34 789-37 [4497 | 12,67 | ,1281 
195845] — 138.86 232,03 | 683 | 43-10 457 [[100 + Cone Rondl t ENCE 
95901 — 141,21 234,36 | 6,85 _— __ 9 4 — 28885 — 833,21 928,59 4.62 19,77 | 1089 
95957 — 143,65 230,75 6,90 42,24 1 44. | | 2 * 925,79 1021,40 4˙39 9,79 -o o 
90014 — 146,17 239.25 | 6,92 47,80 4226 95993 — 1041,51 1137.34 4.17] 8,79 | ,0889 
950% — 148,70 241.83 | 6,96 64 7| 99103] — | 1190,30| 1286,34 3.96 7,77 |+07%0 |. 
——_ 4940.93 | 41:33 4181 699221 — 1388, 5 8 | 
95125 — 151,48 244.50 | 6,98 | 40,90 | 4135 . 2 K! 6,73 | 0681 | 
$6388 — 154,27] 247,27 | 7,00 bo 2088 0 F 23 — 3 177087 3.49 57.0573 
96238 — 157,17 250,17 | 7, . 2 3-03] 2179,81|3-22] 459 | 0404 
96293 RY tf 74g; 3 * = 4041 | 3 99915 _ 2777,36 2874,40 2,96| 3-48 | »0352 
96345 1 [163,26 250,28 | 7,08 . | 23993 2 997 Gy —_— 4166,03 4263, 332.70 2,35 0237 (| 
— 5 eee 395 „3944 1 11 29992 — 8332, 0 8429, (0 2.44 1,19 |,olzo | 
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TABLE II. HEAT 42%. 
— | — Ba 1 — | — 1 | — 8 . 
„ II. III.] IV. F V. | VL | VIE VIII. ] I. 
Water and | Specific Spirit Water | Bulk of Diminu- Quan | Decimalſf Water and 
gpirit by gravity. | by by | mixture. | tion of | tity of | multi- | spirit by 
| weight s mea- pa bulk. Spirit pliers. 1 weight. 
5 sure. | per cent | Y | 
+ Sp. | | . 2 | ; | | 
100+ 100|+93744| 100 83.28 177,83 | 5,45 | 56,23 5684 100 + 50 963710 166,55 | 259-47 | 
991593792 — | 8413] 178.64 5,49 | 55-97 | 5655] - 4996428] — | 169.95 | 262.84 |; 
| 98,-93838| — | 54-99] 179-47 | 5,52 | 55-72 | 5629 If 48 . — | 173-48 266, 36 
| 97|-93885| — 85,8 180,32 | 5,54 | 55:45 | »5603 47 965390 — | 177,17 | 270,03 
25.323 —. 88.75 181.18 5.57 | 55-19 |,5576}[ 46 296594] — | 181.03 | 273.88 
100 ＋ 95|-93980| — | 87,66| 182,05 | 5,61 | 54,92 |,5549 |[100 + 45' ,99050) — | 185,00 | 277,89 
| 94940260 — 88.59 182,95 | 5,64 | 54,66 | ,5522 || 44 »99703] — | 189,26| 232,08 |] 
93] -94974| — 89,54 183,88 | 5,66 | 54,39 5495 43 96757 — 193.66 286,50| 
9294120 — 90,5 1 184,82 | 5,69 | 54,11 | ,5467 42 906811 — | 198,27 | 291,11 |; 
91.9416 — | 91,51] 185,78 | 5,73 | 53,82 22213 95864 — 1 203.18 | 295-93 [7,18 
co + 90],94216| — 92,53 186,77 | 5,76 | 53,54 | 55410 00 + 40 9591 — | 208,18| 357707 
| 89| „94265 — 93.57 187,76 5,81 | 53,25 | ,5381 309 „96969 — | 213,52 306, 36 
8894316 — 94.63 188,80 | 5,83 | 52,96 | „53524 38 ,97021] — | 219,14 | 311,99 |7 
87] ,94366| — | 95-71| 189,86 | 5,85 | 52,67 | ,5322} 37 97 — | 225,07 | 317,94 [7 
86 94417] —_ 96,83 190,94 | 5-89 | 52,37 5292] 36 97125 — | 231,31 | 324 21 
— | 97-97| 192,24 | 5-93 | 52,07 | ,5261 100 + 35/9717 — | 237-93| 330.84 [7,09 
— | 99-13] 193,17 | 5,96 | 51,77 | 5231} 34 -97225] — | 244-92| 337,86 | 
— 100.33 194,33 | 6,00 51,465 199 33 ,97280] — 252,34 345-34 
— |101,56] 195,52 | 6,04 | 51,14 | ,5168 i 32|-97332] — | 260,24 | 353,20 | 
— [192,81] 196.74 | 6,07 | 50,83 | ,5136}  31|,97384| — | 258 62 | 361,69 
— 104,09 198,00 | 6,09 | 50,51 | ,5103 [roo + 30,9743 — | 277-59 | 370,09 
— 105,41] 199,28 | 6,13 | 50,18| ,5070| 29 ,9749c| — | 287,15| 380,32 [6. 
— 106,76 200,59 6,17 | 49,85 | ,5037 28.9754 — | 297-41 390,646. 
— 1108, 15 201,94 | 6,21 49-52 | 5 27|.9759+| — | 308.42 | 401,72 [6 
— 109,57] 203,33 | 0,24 | 49-18 24969] 26] .97653} — | 320,29 413-66 6 
— [111,03] 204,70 | 6,27 | 48,84 4934] [roo + 25 7760 — | 333-10] 426,53 
— 112,53 296,22 | 6,31 | 48,49 | 4899 _ 24,9776 — | 346,98 | 440,48 [6 
— [114,08] 207.72 | 6,36 | 48,14 | „4863 2397820 — 362,06 455,66 |6 
— 115,666 209,27 | 6,39 | 47,78 | ,4828| 22] ,97886| — | 378,52 | 472,20 [6 
— _|117,28|_210,87 | 6,41 | 47,42 4792 | 21197948] — |_396-54 |_ 490,32 [6 
— [118,96| 212,51 | 6,45 47,05 | 4754 Fe, — 410,37 | 510,26 
— 120, 67 214,20 | 6,47 | 46,68 | ,4717 |  1y].,98077] — 438,29 532,28 
— [122,45] 215.94 | 6,51 | 46,30 | 4579 18.981434 — | 462,65 | 556,70 
— 124,28 217,73 | 6,55 | 45,92 | 4641 17],98212| — | 489,85 | 584,09]; 
— [126,17] 219,58 | 6,59 | 45,54 | ,4602}| 109828 — | 520,48 614.84 
— 128,11 221,48 | 6,63 | 45,15 4562 [00 + 15198359 — 555.18 049,09 
— 130, 21] 223,45 | 0,66 | 44,75 | ,4522| 14| 98430] — | 594-83 | 689,51 
— 132,17 225,48 | 6,69 | 4435 | 4481 | 13198518 — 640.56 | 735242 
— 134,30 227,57 | 6,73 | 43-94 | 4449 || 12] ,9860;| — | 693,96 788,9, 
—_|136,51] 229-75 | 6,70 | 43-52 | 4398 | 11].9869;| — |_757:05 |_852-24 [4-81] 11,73 | 1186. 
— 138,78 231,99 | 6,79 | 43-11 | ,4355 0 + 10, 987860 — | 832,76| 928,11 685 10,77 1089 
— 141,14] 234,31 | 6,83 42,68 4312 of 98385 — | 925,29 | 1020, 87 [4.42| 9,79 f,0g990 | 
— 143.57 236,70 | 6,87 | 42,24 | 4268 8.98990 — | 1040,95 | 1136,74 [4,21] 8,80] 0889 
— [146,09| 239,20 | 6,89 | 41,80 | ,4224 | 79910 — | 1189,66 | 1285,60 f, 7,78 | ,0786 
— [148.71] 241,78 | 6.93 41,36 | 4179 4179] 6| ,0921g — 1387,94 1484.15 3.75 6,74, .0681 
—[r51-40| 244-15 | © 95 [49:90 | 4133 [100 + 5| 99345) © _— 53 | 1791.95 [3,54] 5-68}, 
— [154-19] 247,22 | ©.97 | 49,44 | 4587 4|-99474| — | 2081,90 | 2178,6: |; 2 4,59 
— [157,08] 250,11 | 6.97 | 39.98 | 4040 3.99614] — | 2775,86 | 2872,8:] 05] 3.48]. 
— [160,11] 253,11 | 7,00 | 39,51 | ,3992 | 2,9976] — | 4163,75 4261,01 : 741 2,35 
— 163.27 256,22 | 7,05 | 39,03 3943 1,992] | 8325.59 | 8425,05 12,51] 1,19. 
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HEAT 43. 


tity of mi er by 
 gpirit | phers, weight. | 
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ef 
mixture. {nuti- | 


22 
23 


24 


100 + 25 
26 
27| 87967 
81,88 
588222 


75 


8783 


mmMMVDNDMDDDNHK 


121,81 


88345 


588468 


N — — 


7122,59 
80 123, 36 

124,14 
124,91 
125,68 


126,45 


125,3 
| 128,00 
128,78 
46 | 129,56 | 


130,34 | 
131,11 


131,89 
132, 66 


' d | 
: * * - 4 * - - - * ® , * - 


ener 


133-44 
E= 
135.78 175,40 
136,56 176,19 
8] 137,34 | 177,00 


HEAT 43*. 
vat. | . n. n. wv. v. VI. vn. vnn. 
Decimall| Water and | Specific Spirit] Water | Bulk of |Dimi] Quan- Decimal 
multi- spirit by gravity. by | by mixture. | nuti-| tity of multi- 
pliers. I weight. mea- measure. 95 spirit | pliers. 
| sure. bulk. cent. | 
mr 277 © a —— 
| 5679 100 + 50, 96342 100 
mm 553 49| 96398] ͤ— 
— 5626 48.9645 — 
FE | 5600 47 96509 — 
— 3.288241 4096565 — 
— 54-93 | »5547 100 + 45.956210 — 
ah 66 5520 — 4490075 — 
JEN 4.395493 43] 90729] — 
— 67 5411 5465 42.967844 — 
— | 91,46!_ 21 | 53-83 | >5437 41] 90838, — 
92,48 | 186,74 | 5-74 | 53255 | 25497 100 + 49] 90890] — 
93,52 | 187,73 | 5-78 | $3-20 | 5379 39] »96944|. — 
94,58 | 188,77 | 5-81 | 52-97 | »5350 38] 290997] — 
95. 189.83 5,83 52,08 »5 320 37 597049 — 
| 96,77 5,85 | 52,38 | 5290 36] »97 102|_— 


altert 


rinnt 


117,22 210,83 39 7,4 
118,89| 212,48 | 0,41 47,06 | 4752 
120,61| 214,17 | 0:44 46,69 | 4715 
122,38| 215,90 | 6,48 46,31 4677 
124,21 217,59 6,52 45.934639 
126,10 219,54 | 6,59 48˙85 


| 


20 298002 


98067 


98134 
98204 


28277 


13] 98512 
98598 


„98352 
98430 


98088 


98987 


98782 
98882 


99099 
,99217 


99473 


99342 


995 1 3 
99763 
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HEAT 4. 
m. iv. v. | vi. | vit. [vi f I. 
oder Water Bulk of Diminu- Decimalſ Spirit and 
y | by | mixture. | tion of | tity of multi- water by g 
mea- measure. bulk. spirit pliers. I weight. 
zure. © per cent _ # 3h 
| | * | p- TW. 
100] — | 100,00 | — 100,00 1,0092 100 +-50 
— | 0,83 | 100,72 o, 1199,28 1, 020 51 — 
— | 1,66 101,44 | o, 22 98,57 „9949 52 — 
l 2,50 | 102,17 | 0,33 | 97,87| 9 531 9 WA 
—. 333 | 102-90 | 0-43 | 97-15| .9808| 2 290771|_— 
| — |] 4-17 | 103,64 | 0,53 | 96:49| -9733| 100 + 55] 90855] — 5 | 
— | 4-99| 104,37 | 0,62 | 95,81| 9670 5 2”! — | 46,58 | 
— | 5,82 | 105,11 | 0,71 | 95,14 | ,9602] 57191019 — | 
— | 6,66| 105,85 | 0,81 | 94-47] 9535 58] ,91098] — 8,24 | 
— 7,49 | 106,60 | 0,89 | 93,81 | 9468 5991176 — ,08 | 145, 
— | 8,32 | 107,34 | 0,98 | 93,16| 9402 io + 6091254 — 9, | 
— | 9,15 | 108,09 | 1,06 | 92,52| 9337 61],91331| — 0,7. 46,7 
— | 9,99 | 108,84 | 1,15 91,88 9273 62] ,91407] — | 51,57 | 147,56 
— | 10,82 | 109,59 | 1,23 | 91,25 | ,9209 63] 91482] — 52,40 148,35 
— | 11,65 | 110,35 | r,30 | 90,62| 9146 64\ 91555] — |_-53-23 | 14914 
— | 12,47 111,11 1,36 | 90,00 9083 1100 + 65 591627 * 54,07 I49,93 
— | 13,31 | 111,86 | 1,45 | 89,39| „9022 ][ 65 291699 — 54-90 | 150,72 | 
96 — 14.14 112,62 1,52 88,79 58961 a 6759177 adi $5,73 151,51 
— 14.97 113,38 | 1,59 388, 20 „8901 68591842 — 56,56 152, 30 
— | 15,80 114,14 | 1,66 | 87,61| ,8842 6991912 — |__ 57:40 153.09 
— are — 16,64 | 114,91 | 1,73 | 87,03| 8783100 + 7091980 — 58,23 | 153,88 
"0 = — | 17,47 | 115,67 | 1,80 | 86,45| ,8725 71.920475 — | 59,00 | 154,67 
22 587243 — | 18, 30 116,43 | 1,87 85,88 „8668 7292114 — | 59,89 | 155,47 
2387384 — | 19,13 | 117,19 | 1,94 | 85,32| ,8612 | 239179 5 72 156,2 
2487522 — | 19,96 117,96 | 2,00 | 84,77| ,8550 741292243] — __61,55 157,05 
ico + 25|,87658| — | 20,79 | 118,73 | 2,06 | 84,23| 2 100 + 75 ,92305| — | 02,39 | 157,85 
286877910 — | 21,63 | 119,50 | 2,13 | 83,69} „8445 76| ,92370] — | 63,22 | 158,04 
27587922 — | 22,46 | 120,27 | 2,19 | 83,15| ,8392]| 77| ,92432| — | 64-05 | 159,44 
_ 28|,88051| — | 23,29 | 121,04 | 2,25 | 82,62| 8339 78| 292493] — | 04-88 | 160,23 
| 29 88177 — | 24,13 | 121,81 | 2,32 | 82,09| ,8286 79 92553 — | - 65-71 |! 161,02 
{100 ＋ 30, 88300 — | 24,96 | 122,52 | 2,38 81,58 8233/00 + 80|,92013 — | 66,55 | 161,82 
30 88423 — | 25,78 123,36 | 2,42 | $1,07| ,8182]] 8192673 — | 67,37 | 162,61 
332,88543 — | 26,61 | 124,13 | 2,48 | 80,56| ,8131 8292731 — 68,20 | 103,41 
33] ,88662| — | 27,44 | 124,90 | 2,54 | 80,07 8081 8392788 — 69.05 104,21 
2488729 — | 28,29 | 125,67 | 2,62 | 79,58| 8031] 84] 92346] — |_ 69,87 | 165,01 
100 + 35|,88894| — | 29,12 | 126,45 | 2,67 | 79,09| 7981100 + 85,9299 — | 7070 | 105,79 
36} ,89007] — | 29,95 |. 127,22 | 2,73 | 78,61| ,7933 86] ,92958| — | 71,53 | 166,60 | 
37 „89118 — 30, 78 127,99 2,79 78,13 7885 87 993017 — 72,37 | 167,40 
38| ,89227] — | 31,61 | 128,77 | 2,84 | 77,66| 7837 88] ,93067] — | 73,20 | 168,19 
39] -89335| — | 3244 | 129,55 2,89 2219 272 89.3121 — |__74-03 | 108,99 
fioo + 40] ,89445| — | 33,28 | 130,33 | 2,95 | 76,73|-»7744}190 + 90] 93173] — 7487 109.79 
| 41] ,89546| — 34,11 | 131,10 | 3,0176, 28 7698 91|,93225| — | 73270 | 170,39 
| 42] ,89650| — | 3494 | 131,88 | 3,06 | 75,83| 7653 9293175 — | 70,53 | 171,39 
| 43] ,89752| — | 3577 | 132,65 | 3,12 | 75,38| 7608 _ 93|-93325] — | 7737 172,19 
| 44489853 — | 36,60 | 133,43 75] — | 7819 | 172,99 
100 + 45] ,89953| — | 37-43 | 134-21 | — | 7902 | 17379 
| 46] ,g0051| — | 38,26 | 134,99 — | 7984 | 174,58 
47590145 — | 39,10 | 135,77 | — 0,07 | 175,3 
| 90145 9 3 
| 483] ,99240| — | 39-93 1755 „„ 
' 491-99333| — | 49-76 | 137533 — | 82,34 | 170.9 


or Spirituous Lig uors, 


VI. Em 1 | 1. mn Iv. } v. | 
Diminu- Decimalſſ Water and | Specific Water | Bulk of i 
mixture. | tion of multi- spirit by gravity. — by mixture. 
| bulk. Pliers. | weight. measure | 
100 + 100 100 5,39 1 100 166,37 | 259,35 
— : — | 169,77 | 202,72 
— 5.45 | — 173˙3% 266,24 
_ 5-49 — | 176,99 | 209,91 
2 — 5.52 — . 8,83 273-74 
— ,56 — 184.86 277275 
pad LY 1 — 1 189,06 281,94 
— 5,62 — | 193-45 | 286,34 
1 5.64 — 198,06 | 290,95 | 
EY, 5,68 — |_202,89 |__ 29577 
— 5 „96865 — | 207,96 | 300,83 
100 ＋ 90 = 5,76 Mons — | 213,29 | 306,r8 
-Þ — 5.78 96973] — 218,90 311,81 [7,09] 
I — 5,81 | 224-83 | 317,74 
| OR 5.83 * 231,07 | 324,01 [7,06 
"i 3 5,91 244.606 | 337,04 
— | 5294 252,07 | 345-10 
— 5 98 259,96 | 353,02 6 
3 — 5,01 _268,34 361,43 6 
100 + 80 — 6,03 277,29 | 370,41 
* 3 Cob 286,84 | 380,04 F 80 
— | 6,11 297,09 | 390, 346 
— 6,15 308,09 401,42 
— 6,18 319-95 |_41334 [6,61 
[100 + 75]: — 6,22 332,74 | 420,18 
| 74 8 6,25 346,60 440,12 
— 6,31 301,67 | 455,28 
—_ 6.33 378,12 | 471,80 
3 6, 36 97926 396,12 489,90 '6,22 
100 + 70 aha 6, 415,93 | 509,80 
"1 — 6.42 | 437-82 | 531,80 
_ 6,46 8 462,15 556,24 
POR 6.40 189,33 683.55 
2 . 6.53 98269 — 19.92 514,26 55 
100 + 6 SG 6,57 3345 554,58 | 049,07 5.51 
* 6, — 6.60 8 594-19 | 688,83 5,36| 
mY 6,63 | 639,85 | 734-70 
_ | 6,67 93.22 | 788,18 [5,04 
3 6 70 256.23 851,38 485 
100 -+ 60 N 5.74 831,86 927, 10 4.70 
Zi 6,77 924,29 1019,81 (4.48 
ER 6,80 1039,83 1135,54 4:29 
HS —— 6,83 1188,38 1284. 30 
BD — 6.87 1386.44 1482.57 
100 + 55 — 5,80 1663,73 1760, 09 3,64 
Soom 6,92 2079,65 | 2176,26 |3,39 
. 6,92 2772,87 2869,71 3,16 
— 6,95 4159,23 4256,39 2,84 
* 6,99 8318,63 8415,96 267 


| 
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HEAT 45% 
Pom 2 teas | ' * n N 4 | ö 
VI. I. VIII. I. II. III. 
iminu- Quan- | Decimalſſ Spirit and | Specific Spiri 
multi- water by [| gravity. | by 
pliers. weight. mea- 
Sure 
, =.| a 
*. ob Ks 
| 107 [100 + 50,9121 — | 
= Y N E 61 91287 — 1 
— of 62.913603 — 
— | 1 59141 1 
— | 12,47 | 111,10 | 1,37 | 90, o1 9078 [100 + 65.915844 — 
— 13.30 111,86 | 144 | 89,39] 9% 50 — 
— | 14-13| 112,62 | 1,51 | 88,79 ,8956 671917280 — 
— 14.96 113,38 1,58 | 88, 20 58896 68 9179 — 
— | 15,79] 114,14 | 1,65 87,61] ,8837]} — 
— | 16,63 | 114,90 | 173 | 87,03 . 8778 f 7 oo 
4 — | 17,49 | 115,66 | 1,80 86,45 ,8721 71 — 
— 18.29 | 116,42 | 1,87 | 85,89] ,8664 72 — 
* — 19,12 117,19 | 1,93 | 85,33] ,8607 73 — 
* _—_| 19-95 | 117-96 [192 | 84-78] 8551 74 — 
— | 20,78 | 118;72 | 2,00 | 84,23] 84960 + 75 my 
— 21,62 119,49 | 2,13 | 83,69] ,8441 76 _ 
— | 22,45 | 120,26 | 2,19 | 83, 151 ,8387 77] >92389] — 
— | 23-28 | 121,03 | 2,25 | 82,62] ,8334 78| ,92459| — 
— | 24,11 | 121,80 | 2,31 82,10 ,8281 791.925 10 — 
— | 24-94 | 122,57 | 2,37 81,58 8229100 + 80,9257 — 
„ 31; »88377] — | 25,77 | 123,35 | 2:42 | 81,07| ,8177 I| ,92629] — 
32, 83498 — | 26,60 | 124,12 | 2,48 | 80,57] ,8126 82] ,92088| — 
331588617] — | 27,43 | 124,89 | 2,54 | 80,07| ,8076 8392745 — 
3488734 — | 28,27 | 125,66 | 2,61 | 79,58| ,8026 84; ,92803| — 
00 + 35|,88849] — | 29,10 | 126,44 | 2,56 79,09 ,7977 i + 85, 92859 — 
30; ,88 — | 29-93 | 127,21 | 2,72 | 78,61] ,7929 80|,92915| — 
37] >39073| — | 30, 76 127,99 | 2-77 | 78,13] ,7881 87] ,92979| — 
38| ,89182| — | 31,59 | 128,76 | 2,83 | 77,66 ,7833 88 ,93024| — 
2228929 — | 32.42 | 129-54 |_ 2:88 2212228622528. 
100 + 49] 89395] — | 33-26 | 130,32 | 2-94 | 76,73] ,7749 1190 ＋ 99,9313 — 
41] 89502] — | 34,09 | 131,09 | 300 | 76,28] ,7694 9193182 — 
42] 89606| — | 34,92 | 131,87 | 3-05 | 75,83| 7649 92|,93233] — 
43]89708| — | 35-75 | 132,05 | 3-19 | 75,39 7004 - 93|+93283] — 
44.8989 — | 36.58 | 133,42 | 3-16 | 74-95| ,7560| 94\293333|_= 
100 + 4589909] — | 37,41 | 134,20 | 321 74,51 ,7516 1100 + 95193382] - 
90007] — | 38,24 | 134-98 | 3,20 74.08 ,7472}| 96934300 —. 
47.9 — | 39,08 | 135,76 | 3-32 73,66 ,7429} 97193473] — 
48] ,g0196| — | 39.91 | 136,54 | 3-37 | 73-24] 7387 [3935260 — 
,goz8g| — | 40,74 | 137-32 | 3-42 | 72.821 57345j[ 991935741 — 


177,76 | 


—_ ox 


8411, 


— | 83,99] 178,58 | — 
— 85.72 180,25 a 
— | 86,61] 181,11 _— 
— | 87,52| 181,98 i 
— | 83,45 | 182,88 | — | 
— 89.40 183,80 — 
— | 90-37] 184.75 8550 
— | 91,36] 185,71 | — | 
— | 92,38] 186,69 1 
— | 93-42] 187,69 my 
— |} 95,56} 189,78 | — 
— 96,67 190, 86 14 
— | 97-81] 191,96 | — 
— | 99.98] 193,09 Tg 
— [00,17] 194,25 | e, 
— 101,39 195-44 | 1 
— 102, 64 | 196,66 m_— | 
— 1103, 92 197,91 | — 2 
— 105, 4 199,19 N — 1 | 
| — [196,59] 200,50 wand | 
1 64 — 10%, 98 201,85 3 —| 66 
_ — [109,40] 203,24 | ©,1 — |_ 319,78 19 19,59 4 
[100 + 75|,94871] — 110, 860 204,66 — | 332,57 | 426,01 6, 56 23,47 | ,2308 
1774.949250 — 112,35 206,12 — | 34642 | 439-94 [6:48] 22,73 | 2293 | 
1 2.979 — [113,89] 207,62 — | 361,48 | 455,09 [6-39] 21,97 2217 
72] 95033] — 209,17 | — | 377-92| 47160 [6,32] 21,20 | ,2139 
21195088 — C | 210,77 — |_ 395-91 489,69 6,22 20,42 | 2060 
100 + 70,95 1434 — 212.41 — 415.71 509,58 653 19,62 „1979 
69.95 199 — [120,49] 214,09 | 6 — 437.59 531,56 [6,03] 18,81 | ,1897 
 681,95254| — [122,26] 215,82 | — | 461,90 | 555,99 [5-91 | 17,98 | ,1814 
67.953100 — 124,08 217,61 | — | 489,07 | 583,28 [5,79] 17,14 | 1729 
— 661,95 367] — 125,96 | 219,46 | 6 1 13-97 [5-66] 16,29 21643 
100 + 6595423 — [127,90| 221, 36 — | 554-28 | 648,76 5.52 15,41 | I555 
64 95479 — [129,90| 223,32 | — 593.87 688,50 573711452 51455 
631-95535] — 131,96 225,35 — | 639,55 | 734-34 [5»21| 13,61 | 1374 
62],95592] — 134,09 227,45 | — | 692,85 | 787,79 5. 06 12,69| ,1280 
— 61195649] — [136,30] 229,62 — |_755-83 | 850.95 [4-88] 11,75 | 1185 
100 + 60,9570 — [138,57] 231,85 — | $31,42 | 926,69 [4,73| 10,79] 1088 
59] 95762] — 140, 910 234,17 — | 923,80 | 1019,29 [4,51] 9,81 | ,o990 
5895820 — 143,34] 236,57 — | 1039,27 | 113495 4.32 $,81 | ,o889 
57] ,95878] — [145,86] 239,05 | | — 1187.74 1283,62 4, 12] 7,79 | 0786 
— 8 95935] — 48.422413 584 4238424  — | 1385,70 | 1481,78 [3,92] 5218881 
3 + 55] 95993] — [151,16] 244,30 6,86 | 40,93 | 429 100 + 5.99338 — | 1662,83 | 1759,14 [3,69] 5:69 | ,0573 
I 54] 96051] — [153,93] 247,06 | 6,87 | 40,47 | 4083 4| -99470] — | 2078,54 | 2175,09 [3,45 | 4-60 | ,0464 
- $3]-96108} — [156,83] 249,93 | 6,90 | 40,01 | ,4036 3] 99011] — | 2771,39 | 2868, 163,23 3-49 | »0352 
52.965165 — [159,86] 252,93 | 6,93 | 3954 | -3988 2.99761 — | 4156,99 | 4254,09 |2,90| 2,35 -0237 | 
— {163,01 | 256,05 | 6,96 | 39, I 6 


Mr. Gitem's Tables 


— —— — ———_—s 


= BRE : 
V. | VI. | VIE. VIII. I. 
Bulk of Diminu-] Quan- Decimalll Spirit and 
mixture. | tion of | tity of multi- water by 
II | bulk. spirit | pliers. weight. 
E 
3 1 55.4 W 
100,00 ½ * 100, 001 1,081 [100 + 50 
100,72 | 0,11 | 99,28|1,0009} 51 
101,44 | 0,22 | 98,58| ,9938| $2 
| 102,17 | 0,32 | 97,88] 9867 53 
—. 3212.90 | 0,42 92218 _29797|______ 54} 90055 
4 103,63 , 5396,49 972700 + 55 
9 104. 37,62 95819659 50 
MY 105,11 ,71 95149591 37 
Gs 105,85 | 0,80 | 94-47] »9524| 38 
e 105.59 | 0,89 23.819458 2.21889. —. 42. 
— | | 107,34 | 097 93.16 9392 [100 + 6091169 — 49.85 
— 4 108,9 ] 1,05 92,52 9327 61] ,912 — 50,69 
- | 108,84 | 1,13 91,88 ,9263]1 6291320 — | 51,52 | 
4 109,59 | 1-22 | 91,25 9199 63] 91395] — | 52435 
— 110.35 [1,28 | 90,63] 9135 64.914658 — | $53.18 
— 111,10 | 1,36 | 90,01 29074 too ＋ br 91542 — | 54.01 
— 111,86 | 1,44 89,40 90134 6.9161 — 6484 
— | 112,62 | 1,50 | 88,79 895214 67 91680 — 55.67 
113 38 1,5788 20,892 68|,91757] — | 56,50 
114-14. | 2,64 |. 87.61] 8333} O9|-91826| — | 57433 
' 114,90 | 1,72 | 87.03] 8774100 + 70| 91895] — | 58,40 
115,66 | 1,79 86,46 8716 7191962 — | $900 
116,42 | 1,86 | 85,89] „8660 72.920288 — | 59,82 
117,18 | 4.93 | 85,33] -8603 73.920 94 — | 60,65 
117,95 | 1,99 | 84.78] 8547} __74\ 92158] — | 61,48 
7 118,72 2,05 84,23 8491 100 + 75| 92221] — | 62,32 
61] 119,48 | 2,13 83,69 ,8437 76.9228 — | 63.15 
120,26 | 2,18 | 83,16] ,8383] 7792347 — | 63.98 
121,03 | 2,24 | 82,63] ,8330|| 78, 92408 — | 64.81 
— 121,802.30 82, 10,8277 22.822458 —: 65,64 
— 122,57 | 2-36 | 81,59] 8225100 + 80.792527 — | 66,47 
— 5 123,34 | 2,42 | 81,08 ,8173 38192587 — | 67.30 
— 124,11 | 2,4880, 57 „8122 82926460 — | 68,13 
— 12488 2,54 | 80,07| ,8072 83.927030 — | 08.97 
— 125,65 | 2,60 79.588022 8492761 — | 69.80 
— 126,43 | 2,66 79,10 7973100 + 85,928 10 — 70 63 
— | 127,20 | 2.71 78.62.7925 86,92873 — | 71,46 
— 127,98 | 2,76 78,14 7877 _ 87],92928] — | 72,29 
— 128,75 | 2,82 77.67 7829 88|,92982| — | 73,12 
_=_| 3240 | 129,53 | 2,87 | 77,20! 7782 _ 89! -93036|_— |__ 73,95 
— | 33-24 | 130,31 | 2,93 | 76,74 773610 + 90, 93089 — | 74-79 
— 3 131,08 | 2,99 76,29 „7691 91] ,93140| — | 75,62 
BW 131,86 | 3,04 | 75-84| „7646 92| 93192] — 76.45 
= 132,64 | 3-09 | 7539 7601 . 93] 93242] — | 77-28 
2 l ( | 74-95 222 819 
— 134,19 3,20 74.52 751200 + 95193341] — | 79,93 
— 134-97 3,25 74.09 7469 96.933890 — 7975 
— 135,5 | 3-30 73,66 7426 9793437 — | 80,59 
— 136,53 3-35 | 73,24 (7384 9893485 — 81,41 
— | 137,31 | 3.41 | 72,821 ,7342 99193533] — | 82,25 


for Spirituous Liquors. f 313 
3 | 
| oY 
J. | H. I. IV. V. VI. VII. VIII. I. II. . V. | 
Af . * 54 iminu- - [Decimal] W d | Specific [Spirit Water J Bulk of 
Water and [Specific 18 "= _ * b. =—_ : 3 ak by — * * 1 
Spit by gravl * Ns. x measure bulk. | spirit pliers. | weight. | ma- measure | 
| weight. e ber cent. SF | | 
| 3 3 — ö W 5 
= W. + Sp. 1 
W. + Sp. | 13 FO = 2 — 
areas 35 | 56,26 | „5672 100 + 50, 96250 166,19 25922 6,97 | 38,57 [3 
[100+ 100, 93580. 100 352 ol a = 3g 6 45 = 4 — | 169,59} 202, 60 6,99 38,08 3839 
3 93550 — 34.80 | 190-8 5.42 55745619 480/9636444 — 173,11 206,11 |7,00| 37,58 3788 
99 935 : — 35.67 180,22 | 5,45 | 55,43 | 55593 47 904 — | 170,80} 209,78 , 37-07 bo * (4 
2 5757 — | 86,56| 181,08 | 5,48 | 55,22 5507] __451:99473|_— | 180,64 |_ 273,01 2223 39-55 — 8 
— 2 r r | 905 35 — | 184,66 | 277,60 7,06 36,02 | ,3032 
* 3.35955 5 =Y ——_ 1 * 4 Ä— | 5 ol —— — 188,85 3 oy . 3578 
— = Hg S_ 89:35 183.77 558 54 41 | -5480}} 43 95647 — | 193,25 | 286,18 |7,07| 34.94 * 
” 93961 — 90,32 184-72 | 5,60 | 54-14 | 5458] —  42|-96703| — | 197,85 | 290,78 7,0% 34.39 | »3497 
91 [94008 — | 91,31| 185.68 | 5,63 | 5386 | -5430| 41| 99759] — |__202,67 | 29500 [7,07 | 3383 | 3410 
— 3 186,67 | 5,66 5357 57 „5400 io + 40 95814 — | 207,74 | 300,66 7, o8 33,26 | 3353 
1 DIS 5 * 137, 66 7 53,28 | „5372 30 —58⁵9 — | 213,06 | 395,99 [7,07 | 32,08 | ,3295 
88 ,94156| — 9443 188.70 | 5,73 | 52-99 | »5343ſhh 33909 5 hens $9 3255 
— | 95,51| 189 75 5,76 | 52,70 | 5313 37.9978 — | 22459 | 317-53 [7,06] 31,49 |» 
| 25 2 — . 3 : 120 gt 205 36,97033 — | 230,832 323, 80 7-02 39,88 53113 
1 1 97-75 | 191,93 | 5,82 | 52,10 | 5252 [0 + 35|-97087| — 2374 | 33041 7501 39,27 * 
744 — 3 193.07 | 5.85 % % 347 — eng ol Wrote * 2 E 
* 94411 — 10, 12 194,22 | 5,90 | 51,49 | 5190 33.7198 — 251,80 344,86 6.94 29.0 
* + — 5 — 102,33 195-41 5.98 51,17 5159 3297253 — | 259-08 352,77 6,91 28,35 | 2858 
82 — 102,58 196,63 5.95 | 50,86 | 5127 31239 — 268,05 361,18 6,87 27,09 2792 
[roo + 56 4 — 103,85 | 197,88 | 5.98 36,5% | 5074 [100 + 30] 97304] — 4276.5 370,16 6,85 | 27,02 * 
a 79 2 — i105, 18 199,16 | 6,02 50, 21,5062 29] ,97420| — a5, | 379-76 9,77 — 2 
f — 105, 53 200,47 | 6,06 | 49,88 | „5029 28] ,97476| — | 290,77 ane 
a oy — — 201,81 | 6,11 | 49-54 | 4995 2797534 — | 397,76 | 491,11 [6,65 | 24,93 | ,2514 
706 24225 — 109,34 203, 216,13 49,21 4951 | 26] ,97692] — | 319,60 | 413,02 6,58 24,21 | ,2441 
199 +7 „ 204,62 | 6,13 | 48,87 1 97650 — 332,39 425,83 6,56 23,48 | 2307 
e ee ee e , e e e 
3 — 113,82 207, 98 6,2 48,17 4857 | 23 DI77TH — 1 3 1752 1 539 , , 
23 wo e. | . e. | 47,81 4821 | 22 »97 837 8 377,71 N 471,39 6,32 | Wen 52 29 
ST, — 117,03 210,73 | 6,20 | 4740 | 4784] 2197902 — 395,748.47 = —— 1 
05106) — 118,70 212,37 | 6,3 ,09 | ,4747 [100 + 20] 97968] — | 415,48 | 509,35 [6,13] 19,63 | ,1979 
60 $4 0 — e 75 . 57 ets 1998036 — | 437-35 | 531,32 6,03 18,82 — | 
225 _ 122,19 215,78 | 6,41 | 46,34 | „4072 18] ,98106] — | 461,65 | 555,73 [5-92] 17,99 | 1814 
352 — 124,01 217,57 | 6,44 | 45:96 4634 17] ,98177] — | 488,81 | 583,005,810 17,15 * 
28331 — 125,89 219,42 | 6,47 4,5245956 _16|982g3] — | $19-35 | EE 
295387 — 127,83 221,31 0,53 45184555100 + 1598329 — | 553,98 2 5,54 15:42 1588 
95444 — 129,83 223,28 | 6,55 | 44-79 | 4515 14 28409 -] 33.25 1 15 Ins | 
50 — 131,89 225,31 | 6,58 44384475 13] 98493] — | 639,21 733.97 5. 521374 
54e — 3 GED 6.81 * 544. | 1298580 — | 692.48 | 787,39 [5,09] 12,70, 1280 
9-45 14 — 136,22 229,58 | 6,64 | 43, 43-50 | 4391 1198672 — 755:42 850,52 [4:92 11,75 | 1185. 
795671 — 138,45 | 231,81 | 6,08 43,14 | 4349|[100 + 10.987680 — | 830,97 | 926,21 [4,76 10,79 ,1088 
95728 — 140,83 234,12 | 6,71 | 42,71 | ,4306 Q "OT — 923-30 — wo | on hon - | 
— 26 236, 6, 2,28 | 4262 80.989700 — | 1039,71 | I134, 5 
2 3 8 = 75 N 3 7.9909 — | 1187,10 | 1282,95 [4.15] 779 0700 
95902 — 148,39 241,58 | 6,81 41,29 4173 6| 299210] — 1384.26 1481.00 3,96 255 0681 
— E + — -94 | 175821 [3,73] $509 | 0573 
: — 151,08 244,25 | 6,83 | 40,94 „4127100 + 5199334! — 1661.94 | 175 
3 — 7 4 6.84 e 4082 4 99350 — — 2868,83 . ww N 
5 6 Of — 6,7 2 „8 6,8 0502 4035 3 99 O 1 2 59 bl , | , , 
96134 — 139.75 252.85 6.90 39, 55 | 3987 2.99758 — | 4154-78 ad pon as 10 n 
96192 — 162,92 255-99 | 6,93 39.06 | ö 
MDCCXCIV. 8 8 
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HEAT 479. 

I. II. III.] IV. V. | VI. | VII. VII. I. . Il. IV. S. . 
Spirit and Specific 1 * Water | Bulk of |Diminu-| Quan- Decimal Spirit and Specific Spirit] Water Bulk of |Dimi-| 
water by gravity. | y by mixture. | tion of | tity of multi- water by | gravity. | by by mixture. | nuti-| t1 
weight. mea- measure. bulk. | spirit pliers. weight. mca- | measure. on of| 
| sure. | er cent. zure Bulk. 

Sp. + W. | | Sp. + W. | 
100 + 0.831200 100] — | 100,00 |. — [100,00|1,0075 [[LOO + 50, 90292 100 
833500 — | 0,83 | 100,72 | 0,11 9928 1, 004 51590382 — 
35555 — | 1,66 101,44 | 0,22 | 98,58| „9933 5290470 — 
83795 — | 2,49 | 102,17 | 0,32 97,88 9862 _ $3]90557] — 
4| 84009] — | 3,32 | 102,90 | 0,42 | 97,18 29792] 5490642 — 
84216] — | 4-16 103,53 | 0,53 | 96,49| 97220 + 55.9720 — 
84420 — | 4,98 | 104,37 | 0,61 | 95,81| 9654 56| ,90808| — 
84618 — | 5,81 | 105,11 | 0,70 | 95,14| 9586 57 ,90889| — 
84811 — | 6,64 | 105,85 | 0,80 94,47 9519 58|,90969| — 
84999 — |_7-47 |_106,59 | 0,88 | 93-81| 43. 221047 — 
85183 — | 8,30 | 107,34 | 0,96 93,16 ,9387 [190 + 60|,91126| — 
85 363 — | 9,13 | 108,09 | 1,04 | 92,52| ,9322} 6191202 — 
885388 — | 9,97 | 108,84 | 1,13 | 91,88| ,9258 6291277 — 
, 579 — | 10,80 | 109,59 | 1,21 | 91,25 9194 6391353 — 
85876 — | 11,63 | 110,34 | 1,27 | 90,03| 9131 6491426 — 
80039 — | 12,46 | 111,09 | 1,37 90,01 906910 + 65 914% — | 
86201] — | 13,29 | 111,85 | 1,44 | 89,40 9008 66|,91571| — 
„86358 — | 14,11 | 112,61 | 1,50 | 88,80| ,8947 67] ,91643| — 
86513 — | 14,94 | 113,37 | 1,57 | 88,21| ,888 6891714 — 
866560 — | 15,77 | 114,13 | 1,04 87,62 8828 6991783 — 
,86813] — | 16,61 | 114,89 | 1,72 | 87,04 3769] [100 + 70|,91852] — 
, 86962 _—_ I7,44 115,05 | 1,79 86,46 5 8712] 71 591919 — 
87 106 — | 18,27 | 116,41 | 1,86 85,89 „8655 72| ,91985| — 
87247 — | 19,10 | 117,18 | 1.92 <0 33158598 731920511 — 
87385 — | 1993 | 117-95 | 1,98 8472 8842 74| 92115] — 
7522 — | 20,76 | 118,71 | 2,05 | 84,24| 8487100 + 75|,92178| — 
,87655| — | 21,60 | 119,48 | 2,12 83,70 8432 7601 ,92242| — 
897787 — | 22,43 | 120,25 | 2,18 | 83,16| ,8378 77| ,92304| — 
»87915| — | 23,20 | 121,02 | 2,24 82,63 „8325 78.923600 — 
88041 — | 24,09 | 121,79 | 2.30 82,11 8273 7992425 — 
88165 — | 24-92 | 122,56 | 2,36 | 81,59 3z21\[r00 + 80| ,92484| — 
88288 — | 25,74 | 123,33 | 2-41 81,08 8169 8192544 — 
88409 — | 26,57 | 124,10 | 2,47 80,58 8118 82] ,92604| — | 
88528 — | 27,40 | 124,87 | 2,53 | 50,08 „8068 8392661 — 
88545 — | 28,24 | 125,64 2,60 | 79,59 8018 84.927188 — | 
88760 — | 29,07 | 120,42 | 2,65 | 79,10| 796900 + 851|,92773| — 
88873 — | 29,90 | 127,19 | 2,71 78,62 „7921 86928310 — 
88984 — | 30-73 127,97 2,76 | 73,14 57873 87192886 — 
89093 — | 31,56 | 128,74 | 2,82 77.67 7825 88|,92940| — 
89202 — | 32-39 | 129,52 | 2,87 | 77-20| 7778 89] -92994| — 
,89307| — 33,22 | 130,30 | 2292 | 76,4 77320100 + 9093047 — 
89413 — | 34-05 | 131,07 | 2-98 | 76,29| 7687 9193098 — 
89517 — | 34-88 | 131,85 | 3,03 | 75-84| „7642 92|,93150] — 
,89619] — | 35-71 | 132,03 | 3-08 | 75,49] 7597 9393201 — 
89720] — | 36,54 |_133-49 | 3-14 | 74:99 |_»7553] 94|93251| — 
89819 — | 37,37 | 134-18 | 3,19 | 74:52| 7509 + 95193301} — 
89917 — | 38,29 | 134-96 | 3-24 | 74-99| 7499] 96|-93349] — 
,90014| — | 39-03 | 135,74 3-29 | 73-07| 7422 971293397] — 
90108 — | 39,86 | 136,52 | 334 | 73,25 7380 98] 93445] — 
90201 — | 40,70 | 137,30 | 3-49 | 72-83| 7338 99] 93492} — 
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HEAT 472. 
III. wv. | v. | vi. | vii. Vm. 1. | nm. m.] iu. VII. 
Spirit Water | Bulk of |Diminu-| Quan- Decimal Water and | Specific Spirit Water Bulk of |Dimi-| Quan- 
by by { mixture. | tion of | tity of | multi- spirit by | gravity.| by | by mixture. | nuti- | tity of 
mea- measure bulk. spirit |} pliers. weight. mea- | measure. on of | spirit 
zure ber cent. | sure. bulk. per cent 
1 1 | 
100 | 83,05 177,71 | 5,34 | 56.27 | ,566g o + 50 aan 100| 166,10 | 259,16 [6,94 | 38,58 | ,3888 
— 83.90 178,53 | 5,37 | 56,01 | ,5043 49] 96276] — | 169,50 | 262,53 [6,97 | 38,09 | ,3838 | 
— | 84,76] 179,36 | 5,40 | 55,75 | 5017} 48196334] — | 173,02 | 266,04 [6,98 | 37,59 |,3787 | 
— | 85,63] 180,20 | 5,43 | 55-49 | -5592%hd  47|-96391] — | 176,70 | 269,70 [7,00 | 37,08 |,3736 | 
nal 86,52| 181,06 | 5,46 55:23 5565 46 96449} — _ 180,55 | 273-53 [7,02 | 36,56 | 3684 
— | 87,42| 181,93 | 5,49 | 54-96 | ,5538 P00 + 45] 96507] — | 184,56 | 27753 [7,03 | 36,03 | 3630 
— | 88,35] 182,83 | 5,52 | 54,70 | ,5511 4496562 — | 188,76 | 281,71 [7,05 | 3549 | »3577 | 
— 89.30 183575 $55 | 5442 | 54834 4395619 — | 193,15 | 286,10 [7,05 | 34,95 | +3522 | 
— | 90:27 | 184,70 | 5-57 54,15 5455 4296675 — | 197,74 | 290,70 [7,04 | 34-4 | 3466 | 
— |_91-26] 185,66 | 5,60 | 53,87 | 5427 | 411-907 32| — |_ 202,56 | 29552 [7,04 | 3384 [3409 
— 92 28 186,64 | 5:64 | 53,58 5398 [100 + 40|,96788] — | 207,63 | 300,57 [7,06 | 33-27 | »3352 | 
— | 93-32 | 187,64 | 5,608 | 53,29 | 5369 3996843 — | 212,95 305, 89 [7,06 32,69 | ,3294 EZ 
— | 94.33 188,67 | 5,71 | 53,00 | ,5340 | 38596898 — 218,55 311,51 [7,04 | 32,10 | „3234 
— | 95,46] 189.73 | 5-73 | 52-71 | 5310 3796953 — | 224447 | 317543 704 | 31,50 3174 
| — | 96:57 | 199.81 | 5,76 | 52.41 | ,5280ſ}) 35,709 — 22,70 323.88 |7,02 | 30,89 112 
| — | 9770| 191,90 | 5,80 | 52,11 | ,5250 [100 + 3597064 — | 237-29 330, 29 |7,00 | 30,28 | ,3050 | 
| — | 98,87| 193,04 | 5,83 | 51,81 | ,5219. 3497119 — | 244-27 | 337-39 [6,97 | 29-65 | 2987 
— 109,06 | 194,19 | 5,87 | 51.50 | „5188 * 3397176 — | 251,67 34473 6,94 | 29012923 
— [101,28] 195,38 | 5,90 | 51,18 | 5157 32 97231 — 259,54 352,646, 90 28,36 | „2858 
— [102,53] 196,60 | 5:93 | 50,87 | 5125 31| ,97288| — | 267,91 | 361,04 6,87 27,70 | ,2791 | 
4 — |103,81| 197,84 | 5,97 | 50,54 | 5092 i + 30] ,97 344| — | 270,84 | 370,00 6, 84 27,03 | ,2723| 
— 105,13 199,12 | 0,01 50,22 „5060 2997401 — 286,38 379,61 6,77 20,34 | 52654 
— [106.47] 200,43 | 6,04 | 49,89 | ,5027 28| ,97458| — | 296,61 | 389,90 [6,71 | 25,05 | ,2584 
— [107,86| 201,78 | 6,08 | 49.55 | 4993 2797516 — | 307-59 | 490,94 [6,65 | 24-94 | »2513 | 
— 109,25 203.17 0.11 | 49.22 22 24959 1 26 297675 — 319,43 412,85 6,58 24722 52440 
100 + 75 —"ſ110,74| 204,59 | 6,15 | 48,88 | ,4925 100 + 25 597634 — | 332,21 | 425,06 (6,55 | 23,49 | 2367 | 
74 — 112,23 206,05 | 6,18 48. 534890 ba. 97697 — | 346,05 439-56 6,49 | 22,75 | »2292 | 
73 — 11376 207,55 | 6,21 | 48,18 | 4855 2357559 — | 361,09 | 454-09 6,40 21,99 2216 
72 — 115,34 209,09 6,25 47.82 4819 2 97823 — | 377,51 | 471,19 6,32 21,22 2138 
1 — 116.97 210,70 | 6,27 | 47:47 | 4782 | 21] 37889 —_|_ 395-49 |__459-25 |6,24 | 20-44 | »2059 | 
| as th — [118,64| 212,33 | 6,31 | 47,10 | 4745 % + 20 ,979561 — | 415-26 | 509.12 [6,14] 19,04 | ,1979 | 
| 6 — 120,35 214-01 | 6,34 | 46,73 4%] 19 980% — | 437,11 | 531,08 (6,03 | 18,83 | ,1897 | 
— |122,12| 215-74 | 6,38 | 46,35 | ,4670 18 ,98095] — | 461,40 $55:47 |5-93 18,00 | ,1814 
— 123.94 217,53 | 0:41 | 45,97 4632 17 ,98167| — | 488,55 | 582,73 5,82| 17,16 | ,1729 | 
— 125.82 219.37 | 6-45 | 45558 | 4593 I 16 ,98242|— | 519,07 | 613,39 '5,68| 16,30 | 1043 
— 127,6 221,27 | 0.49 | 45,19 | 4553 100 + 15 9832 — 553,68 | 7 5-55 15,43 1555 
— 129.76 223-24 | 6,52 | 44:79 4513 14 9840 — | 593-23 687,82 5-41 | 14,54 | 1465 
| — [131,82| 225,26 | 6,56 | 44,39 | ,4472 | 13 ens — | 638,87 733,61 5,26 13,63 | 1373 | 
| — [133:G5| 227.36 | 6,59 | 43, 99 4431 12598573 — 92,11 | 787,90 5, 11 12,70 | 1280 
— 136.14 229,53 | 0,61 | 43, 43-57 | 4289 11 ,98666 — 5755-02 | $850.09 4.93 11,76 | ,1185 
— 138.42 231,70 | 6.65 | 43,15 | 4347 io "yy 10797 — 830,53 | 925-74 4,79 10, 80, 1088 
— 140,75 | 234,07 | 6,68 42,72 4304 9 98864 — 922,8 1018, 23 4,58 9,82 oo 
— 143,19 236,47 | 6,72 42, 29 4250 5 98971 — 1038,15 1133,77 4.38 8,82 | 0889 
— 145,70 238.94 | 6,76 | 41,85 „4216 7 99085 — 1 1282,28 4.19 7,80 | ,0750 | 
— 148,31 241.52 | 6,79 41,40 ,4172 61 99200 — | 1384.22 | 1480,22 4.00 6,76 | ,o081 | 
— |151,00| 244,19 6,81 | 40.95 | ,4126 00 + 5 99330 — 1501705 1757, 2 377 | 5-09 0573 
— 153,77 246,95 | 6,82 | 40,49 | 4090 4 99403 — 1 x ph 3.53 4-60 464 
— 156.66 249,81 | 6,85 | 49,02 4033 3.99504 — 2708-45 103,33 3490352 
— 159.68 252,81 | 6,87 | 39,55 | „3985 2.99754 — | 4152-58 | 4249-52 3.6 2:35 | 0237 
— 162,83 255-92 | 6,91 | 39,07 | 3937 11 ,99913] — 8305,28 $492,37 [2,91| 1,19 0120 
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100,00 
100,72 | 
101,44 

102,17 
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99,28 
98,5 8 
| 97,88 
_97-19 
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103,63 
104,37 
105,11 
105,8 5 


100,59 | n 


95,81 


96,50 


| 95-14] 
| 94447 
93,81 | 


107,34 | 
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108,84 
109,59 
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| 91,88 
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90,63 
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111,09 


113,37 
114,13 


1 90,01 


89,40 
| 88,80 


88,21 
87.62 


© | 114,89 


115,65 
116,41 


117,17 


11224. 


87,04 
| 86,47 


84.729 


| | 55-90 
5 34 


118,71 
119.47 
120, 24 
121,2 
121,78 


122,55 | 2 


| 123-33 


124,10 | 2,4 


124,87 
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125,64 
126,41 
127,19 
127,90 
128,74 
129,51 


| Treo + 40 


— 


130, 29 
131,07 
131,84 
132,02 
133-39 


[100 + 450 


67 | 137-29 | 


134˙17 
134•95 
| 135-73 
136,51 


2 


82,11 


| 80,58 


| 80,08| 
79-59 
79,11| 


78,03 


2,75 | 78,15 


77•2ʃ 


83.70 
| 83,17 
23 82,64 


81,060 
| 81,09 | 


76,30 
75:85 
\ 75:40 


|_74-96 


14553 
Thor 
73,6 7 
73.26 
72,84 


76,75 


VIII. X. 
Decimal II Spirit and | Specific 
multi- Water by | gravity. | 
pliers. weight. 
Sp. + W 
1,0069ffloo + 50, 90248 
»9998 5190338 
9927 5290427 
9857 5390513 
2 | 541299599 
90682 
99265 
1 
| »91004 
9381 100 T Z 91083 
93161 191159 
9253 62 91235 
91891 63191310 
291261 6491383 
79004 100 > + 65| ,91456| 
90034 66,91528 
58943 67] ,91600 
88831 68] ,91671 
88231 69.591740 
58764100 + 70 91809 
8707 7191876 
86501 72| ,91942| 
859314 7 3] »92008 
»537h 242072 
„8482 100 + 75 ,92136 
8428[ 7692199 
8374 771˙92261 
8321 738] ,92323| 
8269 79 92382 
58216100 + 80592442 
„81661 8192502 
58114 82592561 
„80641 831592619 
8014 84492676 
7905 [100 + 850 ,92731 
„797 86592789 
7809 87] 92844 
7821 881592898 
»7774| 89592952 
„7728 [100 + go ,93005 
7683 91] ,93050 
„7638 921,93108 
75931 93] 23159 
7549 9442232 3© 
7505 io + 9593260 
-7402|] go] ,93395 
7418 97193357 
7376 9893404 
7335 95.9341 
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TABLE II. HEAT 489. 
| TE ee — 
I. IT. III.] IV. V. VI. | VII. VIII. . III. E VI. VII. VIII. 
Water and | Specific Spirit Water | Bulk of |Diminu-| Quan- Decimalſl Water and | Specific [Spirit] Water Bulk of |Dimi- Decimal 
spirit by gravity. by by mixture, | tion of tity of multi- spirit by |gravity.| by by . -- mixture. | nuti- | tity of multi- 
weight. mea- measure bulk. spirit | pliers. weight. mea- measure. on of | spirit pliers. 
| sure. er cent. | sure. bulk. per cent 
W. + Sp | 5 W. + Sp. | 
100+ 100] ,93499/ 100 | 83,01| 177,69 | 5,32 | 56,27 | ,5667 100 + 50 961880 100 | 166,01 | 259,10 6,91 38,59 „3886 
99 9354 — 83.85 178,50 | 5,35 | 36,02 5041 49 2. — | 169.41 | 262,46 6,95 38,10 3836 
98093595 — | 84-71] 179-33 | 5-38 | 5570 | 5014 2 — 172.93 265 97 6,96 37,50, 3786 
9793643 — 85˙58 180,17 | 5,41 | 55-50 | 5589 7.536 — | 176,60 | 269.03 6 37-99] »3735 
„ »93691 — | 86,47 | 181,03 | 5,44 | 5524 | 5563 | 46964200 — | 180-45 27 3-40 699 30,57| 3683 
100 + 95] 93749] — | 37-37 | 181,90 | $47 | 5497 | 5530 $100 + 45 96479] — | 184.40 | 277,46 7, 36 04 3629 
9493786 — 88, 30 182,80 | 5,50 | 54-79 | »5509 44 955344 — | 188,60 281,63 [7-03| 35.503575 
93 22831 — 89,25 183,72 | 5.53 | 54:43 | 5451 | 4390591 — | 193-04 286,02 7,02 34, 3521 
9293881 — 9, 22 184,67 | 5,55 | 54155453 2 55048 — 197,63 | 290,61 [7,02| 34-41 | »3465 
9 95 91093928 — 91,21 185,03 6,68 | 53287 | +5425] 95705 — | 202.45 | 295.43 |702 33.85 ,3408 
100 + 90 93977 — 92.23 186,62 | 5,61 | 53-59 | ,5396 [100 T7 96762 — | 207,52 | 300,48 7,04 33,28| 3351 
89 „94026 — 93.27 187,61 | 5,66 | 53,30 | ,5307 39 »96817|] — | 212,84 | 305,80 [7,04| 32,70| 3293 
88! ,94076| — 94,33 188,65 | 5,68 | 53,01 | ,5338 33|,96873] — 218,43 311,41 |7-02| 32,11| ,3233 
8794127 — 9541 189,70 5% | 52-71 | ,5308 37| 99929] — | 22435 | 31732 [7-03| 31,51 3173 
86594178 — 96,52 150,78 5,74 | 52-42 52781 36/-92985 — 230.57 323.57 |7-00| 30,90 | 3112 
100 + 85|»94229| — 97,65 191,57 | $5,758 | 52,12 | ,5248 loo + 35 />97041] — | 237,10 330,18 6,98 30,29 „3050 
8491280 — | 98,81] 193,01 | 5,80 | $1,382 | 5217 3497097 — | 244-14| 337-18 6,96 29,66| ,2987 
| 83 194333 — [100,01] 194,16 | 5,35 | 51,51 | ,5186 33197154 — | 25153 344,01 (6,92 29,02 2922 
8294385 — 101,22 195,34 5,88 51,19 „5155 32972100 — 259,40 352,51 6,89 28,37 52857 
8194437 — a 190,56 | 5,91 | 59,87 | ,5123 31] ,97 267] — 207,70 390,91 6,85 27,71 | »2790 
100 + 80 »94490| — 03,75 197,81 | 5,94 | 50255 | „5090 Noo + 30197324] — 270,69 | 309,87 6,82 27,04 52722 
7994544 — 105, o) 199,09 | 5,98 | 50,23 | 5058 2997382 — 280,23 379,47 6,76 26,35 „2653 
7894597 — 106, 42 200, 406,02 4990 | ,5025 28,9744 — | 296,45 | 389,74 6,710 25,66 2583 
OO 771»94551| — (0), 80 201,74 | 6,06 | 49-50 | ,4991 27 97499 — | 397-43 | 400,78 |0,05| 24,95 2512 
| - 76 ,94705| — 109,22| 203,14 6.08 | 49+22 | ,4957 | 26| ,97055 — _ 319-20 412,08 6,58 24,23| »2440| 
[199 + 75 94759 — 110,68] 204,55 | 0,13 48,88 ,4923 Nioo ＋ 25 97619 — 332,03 | 445-48 0,55] 23-50 | „2367 
7494812 — 112,17 206,02 | 0,15 | 43:53 | „4888 2497682 — | 345-82 439,38 [0,48] 22,760| ,2292 
73 294867 — 113.70 207,51 | 6,19 | 49,18 | ,4853 _ 23197745] — 300.90 | 454-49 [241 22,00 ,2216 
72 ,94922| — 115,28 209,00 | 6,22 | 4783 | 4817 22 97810 — | 377,31 | 470,98 6,33 21,23| 2138 
L 116,91 210,66 | 6,25 | 47:47 ; 4780 | 219787 — | 395: 28 459,02. 25 20,45 | 2059 
100 ＋ 70 + 70 „95032 — 118,58 212,29 6,29 47114743 100 + 20,9744 — 415,04 | 508.89 „15 19 65 „1979 
- if 69 ,95088| — {[120,29| 213.97 | 6.32 | 40,73 | ,4709 | 19; ,98013] — 430, 88 | 530,84 j0 04| 18,84 | ,1897] 
5 68 „95144 — 122,06 215,70 | 6,36 |. 40,30 | 4868 18.980844 — | 461,15; 555 21594 18,01| ,1813 
67 952010 — 123,88 217,49 | 6,39 | 45-98 „4530 1738157 — 433.29 532,40 [5,83] 17,17 „1728 
66 25258 — [125,76 219,33 6,43 | 45:59 | 4791 16.982322 — 518,79 _613,10 5,09| 16,31 1642 
100 + 05 95315 — 127.70 221,23 | 6,47 45,20 4551 100 + 1598311 — | 553» 35 | 047,82 [5-50| 15441554 
6495372 — 129.69 223,19 | 6,59 | 4480 | 4511 | 14.983393 — | 592-91 | 687.49 42 14.551464 
6395429 — |131,75| 225,22 | 6,53 | 44-49 4471 1398477 — | 038,53| 733-25 [5-28] 13,04| 41373 
62 95487 — 133.88 227,32 | 0,59 | 43,99 | 4429 | 1298560 — 691,74 759,01 [5,13] 12,71 ,1280 
5195545 — [136,07 | 229,48 | 6.59 | 4355 | »4353 111 98660] — | _754:62 | _ 849.66 [4.90| 11,77 | 1155 
100 + bo 95602 — 138,35 24,71 | 6,64 | 43-16 | ,4345 100 + 10798755 — | 530,08 | 925-27 4.810 10,80| ,1088 
59 ,95661| — 140,68] 234,02 | 6,66 | 42:73 | 4303] 498858 — 92232 101778 4,02 9.82| ,0990 
58 „95720 — [143,11] 236,41 | 6,70' | 42,3v | 4259 81,4890G| — | 1037,00 1133,18 [4:42 8,32]. ,05389 
57 95779 — 145,62 238,89 .| 6,73 | 41,89 4215 7] 99030] — 1135.34 | 1281,01 |4,23] 78. 0786 
| 5695837 — 148.23 24-47 | 6,76 | 41:41 | ,4170 6!,99201| — 1383.48 | 147944 404 6,76] ,0081 
100 ＋ 551 ,95894| — [150,92] 244,13 | 0,79 | 40,90 | 4124 [(l ＋ 5 99320 — 1600,17 | 1750,30 3-81] 5,09 273 
5495955 — 153,69 240,89 0,80 | 40,50 | 407 439459) — | 207571 | 2171,03 [3-58] 401] ,0494 
53] 96013] — 156,58 249,75 | 083 | 40,93 | 4032 3 -9960c| — 2766,95 | 2803.55 3,370 3-49] »0352 
52,9607 — 159,59 252574 | 0:85 | 39-50 | >39%4 2.99750 — | 4150.38 | 424720 [3,12] 2,30] ,0237 
51|,96130| — [162,74| 255,80 | 6,85 | 39,08 | ,3930 1} ,99909| — 8300.85 8397,88 [2.97] 1.19 120 
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; 100 
11583256 — 90294 — 

a] 53490} — f 90383 — 

3 83701 1 90470 — 
483215 — 905 56 — 

5] 34122] — 90639 — 
684326 — »90722| — 
7484524 — | 90803 — 
8.84717 — | 90883 — 
2.8428 — |_7 20962 — 

100 + 1085089 — 9104 — 
11085269 — 911161 — 
1285444 3 591192 — 
13085616 — 91267 — 
14.885284 — 291 340| — 

16] ,86109] — 91485 — 

17] ,86266| — »91557| — 

19 865724 — 91697 ow. 

100 + 20] ,86721| — | 16 T9070 — 
2186870 — 918330 — 
2287014 — 91899 — 

23 87155 eta 91965 _ 

24] 87293] — —— , RP 
100 + 25] ,87430| — | © any HReR 
2 * | 2 — 

28 ,87824| — »92280] — 
290872981 — 92340 — 

00 + 30] ,88075| — ,92400| — 
31] ,88198|] — 1245 — 

32 588319 — 92518 — 
33088438 — 92377} — 

34| >88555] — »92033 OY 

100 + 35] ,88671| — 792689 — 
36| ,88784| — 92746 — 

37 »88895 — 92801 — 
38589004 — 92855 — 
22282113. — 92902 .— 
100 + 40] ,89218] — 92952 — 
4189324 — 93014 — 

42] 89427 — ,93066| — 

43] -395 30] — 293118] — 

44| 89630] — 93169 — 
100 + 45| 89729] — 93219 — 
40] ,89827| — 93267 — 

47] >39924| — 2933160] — 

48 90019 — 93364 — 
A 93411 — 
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N. JA. Iv. | WV. | WI 1 VIL | vii - III. IV. I V. 
| Specific Spirit Water | Bulk of Diminu- Quan- |Decimal}} Water and | Specific Spirit. Water | Bulk of 
gravity. | by by mixture, | tion of | tity of | multi- || spirit by | gravity. | by by mixture. 
mea- measure bulk. | spirit | pliers. |} weight. | mea- measure. 
Sure. | | per cent | sure. | 
4 . 4 Sp 3 a | 

93459 100 | 82,96| 177,67 100 4 50|,96157| 100 | 165,92 259,03 6, 89 
93507 — 83,81 178,48 49 96216 — 169, 32 262, 39 6,93 
93555 — 84.67 179,31 48.962744 — 172,84] 265,90 6,94 
3002 — 85,54 180,15 47| 96333] — 126,51 269,56 6,95 
-93051| — | 86,44| 181,01 46.9539 — 180,35 223.38 [6,97 
93699 — 87,32 181,88 | 100 + 45| 96451] — | 184,36| 277,38 6,98 
»93746| — | 88,25| 182,78 | 44 »96506| — | 188,56| 281,55 7.01 
93794 — | 39-20| 183,70 43 90504] — | 192,94| 285,94 [7,00 
93841| — 90, 17 184,65 42 290021] — | 197,53] 290,537, oo 
93888 — | 91,16| 185,61 | 41 »96078| — | 202,34] 295,34 [7,00 
93937 — | 92,18| 186,59 100. + 49. 90736| — | 207,41| 300,39 |7,02 
93986 — | 93,22| 187,59 39 »90791| — | 212,73] 305, 71%, 
94036 — | 94,28| 188,62 | 38 „96848 — [218,32 311,32 [7,00 
94037 — | 95,36| 189,67 | 37 96905 — 224,23 317,22 7,01 
241380 — | 96,47|_ 190,75 | 36 96962 — 230, 45 323-46 [099 
94189 — 97,50 191,85 | 100 + 35 297918] — | 237,03} 330,00 ,97 
94241 — 98,76] 192,98 | 34 97/V754- ==" þ 244-00 337,06 [0,95 
94294 — 9995 194-13 33 »97132| — | 251,40| 34448 6,92 
94346 — 101,17 195,31 32 97189 — | 259,26| 352,38 6,88 
| -94399| — [102.42 196,53 23122245 — 207,62 360,77 6,85 
94452 — [103,70| 197,78 | 100 + 30,7304 — 276,54] 309,730.81 
»94506| — 105, 2 199,05 |* 294 97 303, — 206,08 379,326, 76 
94559 — 106, 36 200,36 28974227 — 296,29 389,59 6,70 
94613 — 10,74 201,71 27 97482 — 30, 27 400, 62 6,65 
2694667 — 109.16 203,10 2006 ,97643 — [319.09] 412,5 1,58 
100 ＋ 75 94721 — 110,62 204-52 100 + 25 97604 — | 331,85] 425,316,54 
17494775 — 112,11 205.98 2497667 — | 345,68] 439-20|0,48 
17394830 — [113,64| 207,48 23.9773 — 360, 710 454-39[941 
7294885 — 115,22 209,02 2297707 — 377,110 470,78 6,33 
71.940400 — 110,85 210.62 22197804 — | 395,07 488,82|6,25 
100 + 70! ,94995] — 118,52 212,25 100 + 20|,97932|] — | 414,82| 508, 666, 16 
1 69 95051 — 120, 23 213,93 | 19 98002 8 436,05 | 530,60 6,05 
68,95 108 — 122, 00 215,66 18] ,98073; — | 460,91] 554.965,95 
6795165 — 123,82 217,45 17|-98147] — | 488,03] 592,19[5,54 
6698222 — |125,70| 219,29 | 6 16 32249 — 1818.52 _612,81 21 
95279 — 127,63 221,19 o [[100 + 15 98302 — | 553-09] 647,5 1558 
6495336 — 129,62 223,15 4 45 3 1498385 — | 592,60 687, 165,44 
95394 — 131,68 225,17 | 6,51 | 44:41 | 4409 13|,98470] — | 638,19} 732,89 5,30 
95452 — [133,81| 227,20 | 6,55 44,00 | 4428 1298559 — 691,37 786,22 5,15 
2581 — 136,00 229,43 | 6,57 4324386 1198654 — 284.22 849¼234·29 
95 568 — 138,27 231,06 6,61 | 43,17 | 4344 [100 + 1098750 — 829,64] 924,80 4,84 
9562) — 145,60 233-97 | 6,63 | 42,74 | 4301 998853 — 921.83 1017,18 4.65 
95687 — 143,04 236,36 | 6,08 | 42,31 | 4258 8| 98961 — | 1037,05| 1132,60[4,45 
95746] — 145˙54 238,83 | 6,71 | 41,87 | 4214 7| »99075| — | 1185,21| 1280,94 [427 | 
6.95804] — 148.15 241,41 | 6,74 41,42 4169 6 ,99196| — 1382,24 1478,07 4. 7 
95862 — 150, 84 244,07 6,77 40,97 | 4123 [00 + 5|,99321| — 1659,29 1755-44|3-85| 
95923 — 153.61 246,83 | 6,78 | 40,51 | ,4078 4.99454 — | 2074-11] 217, 49362 
95981 — 156,50 249,69 | 0,81 | 49,04 | 431 399596 — | 2705.48} 2862,0% 3,41 
95040 — 159,51 252,08 | 6,83 | 39,57 ”"—— 2|-99746| — 4148,20 4245,02 725 
250992 — 162.65] 255-80 [6,85 | 39,09 | -3935 1]-99905| — | 8296-45 8393-42 3-03 


l Mr. Girem's Tables 


HEAT 500. 


100,00 
100, 72 


102,16 


102,89 © 


103,3 


| 104,30 


I. 


105,10 | 
105,84 


108,08 


107,33 
108,83 
109,58 
110,33 


| 111,08 
111,84 
112,60 
113,36 
| 114,12 +1 
114,88 


| 115 664 
116.40 


12555 1 
117,93 


118,70 
119,46 


121,00 | 


8419 
8365 
83121 


4 „8260 


123,31 


122,54 | 2 


124,08 2 
124.85 
9 125,02 


126,40 


12794 
128,72 


| 129,49 


127,17 | 


58157 
„8106 
8056. 
,8006} 


7909 


7814 


| 7767] 


130,27 


132,00 
133,38 


131,05 
131,82 


7675 
7630 
7585 
,7541] 


135 •71 
136,49 
137727 


13416 3. 
134-93 | 


1 


»7 497 
74541 
57411 
| 7369] 
273770 


—— 


Spirit and 


1 11 =] 1113 


8474100 + 755 


—— 


— 


51] 8208 0 ＋ 50 


7957 „ 100 + 85 


* 


„78611 


577211100 + — 


168 + 95 


III. IV. 


. _ 


3 


mea- 
fare 
4 . 5 5 
| 100 
1 93457 — 
1 93515 — 
| 62] — 
1 nou 
1 — 
7 — 
ö — 
4 — 
7 — 
| aa 
þ — 
— 
5 1 
4 — 
| tains 
1 — 
= 
) — 
. 1 
; # — 
Si — 
| SA 
| — — 331,58 
— | — | 345,50 
'} — | — 300,52 
1 — — | 370,91 
4 26 — — | 394-86 
 69|,95014] — 120, 17 213,89 — | 436,42| 
| 68] ,95071| — [121,94 | 215,62 — 67 | 
| 67195128 — 123, 76 217,41 — |. 487977 | | 
a 66] ,95185] — \125,64| 219,25 — | 518,25 
'' - 05] 295243] — [127,57 | 221,15 — | 552,80 
1 95300 — [129,56| 223,11 — | 592,29 
| »95358| — 131,51 225,13 — | 037-65 
| 95416 — [133,74| 227,22 | — | ©9100 
5 11,95475|_— [135,93 |_229-38 = | HH 
| »95534 — 138, 20 231,61 6 — 829, 20 
| 295593] — 140,53 233-92 9 — | 921,34 
5 895653 — 142,96 236, 30 > — | 1036,50 | 1132,02 
95712 — [14547 238,78 7 — | 1184,58 | 1280,28 4,30 7,81 | 0786 | 
4 295771] — [148,07 | 241,35 6 — | 1382,00 | 1477,90 |4-10|_ 677 | 0681 | 
F $ — | 1658,41 | 175452 [3-89 |} 570 | »9573 | 
| 54] 295890 — 153,53 240,77 4, — | 2073,01 | 2169,35 [3-66 | 4,61 | 0464 | 
l 5395949 — [156,42 | 249,03 3 — | 2764,02 | 2860,57 3.45 3.50.0352 
52] ,96008| — [159,43 | 252,62 2 — | 4146,03 | 4242,79 3,24] 2,36 | -0237 
- —— 51] ,96067 — [162,57 255,73 | I], — | 8292,06 | $388,98 [3-08] 1,19 0120 


MDCCXCIV. 


— 7119174 
4 | 


100 + 7 4 


9181 


rr 


_— — e 


— 


| 


258,89 
262,26 
265,76 


269,41 
273,236 


| 


2277-23 


281,40 


285.77 


290,37 
295-17 


A — 2 
@ * 


300, 22 


305,52 [0,98 
317,02 
_323-25 [6, 


4 


| 


329,84 
336,82 
344-24 
352,12 


| 360,50 


369,46 | 


379,03 
| 389,28 6 


400, 30 
412,17 


„ mr 6 „„ „„ A. 2a. 7 wb ihew 


424-97 


438,84 


453-92 
470,38 


_488,40 |6,2 


9 


4586 


| 508,22 
530, 12 | 
55446 [5,9 
3581,65 |5,86 
612,24 


34546 
83 | ,4506 


it 


— 


3 


646,89 
686,50 
732,17 


785,44 


848,38 


24341 
© „4298 
4255 || 
5421111 
46⁵ 


[700 + - 


923,87 
1016,15 
1131,44 

1279,62 


1477-14 


„4120 
4075 
6 „4028 
3980 

3932 


r 


mw v2 þÞ wil ON © 


MAT] MmDLMIBINNDINMINNDNMNHMNA' 


1753.01 
2168,21 


EE T:ů‚uwu- . ——— QC A 


T te 


De ati es) 
— 


* n 
2 * 


2 


1 — * * 
- . 


—— ” - 


- - 
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TABLE I. 


I} 100 


UU 


JM 


reh 


— 149 

-_ , "a | 8465 00 + 75 

— | 21,54 | 119,45 | 2,09 83,72 84 73 

— | 22,37 | 120,22 | 2,15 83,18 3 58357 f 77 

— | 23,20 | 120,99 | 2,21 | 82, 66.8304 78 

— | 24,02 | 121,76 | 2,26 | 82, 138252 79 

— | 24,86 | 122,53 | 2,33 81,62 8199100 + 80 

— | 25,68 | 123,30 | 2,38 | 81,11 8148 81 

— | 26,50 | 124,07 | 2,43 30, 60, 8097 82 6 

— | 2733 | 124,84 2,49 80, 10, 8047] 83 60 6124 
— 28,16 125,61 | 2,55 79,61 7998] 84 71 60 6094 
— | 28,99 | 126,39 | 2,60 | 79,13| 7949100 + 85 —| 70,41 | 165,65 4.76 60,37 | 0005 
— 29,82 I27,1 | 2,66 | 7.65 * — IIB, 836 — 71,24 166,45 4579 60, 08 „6036 | 
— | 30,65 | 127,92 | 2,73 | 78,17| 7853 87 — | 72,06 | 167,24 4.82 59,80 | ,0007 | 
— | 31,48 | 128,70 | 2,78 | 77,70| ,7806| 88 — | 72,89 | 168,03 4,86 59,51 | »5979| 
— | 32,30 | 129-47 | 2-83 | 77,23} 7759} 59 — |__73-72_|_ 108,83 4.82 59,23 | 595! 

—"] 33-13 | 130,25 | 2,88 | 76,77| 77131190 + 90 — | 74-55 | 169,62 493 58,95 925 
— | 33-96 | 131,03 | 2,93 76, 32 7667 91 — | 75,38 | 170,42 4.96 58,68 | 5895 

— | 34:79 | 131,80 | 2,99 | 75,87| „7622 92 42 76,21 | 171,22 4.99 53,40 5867 
* 35,61 132, 58 3.03 75,42 57578 93 1 77,03 172,02 5,01 58,13 5840 | 
— | 36,44 | 133-36 | 3-08 249824. 24 — | 7786 | 172,81 |5,05| 57,86 | 5813 
=" 37-27 | 134-14 | 3-13 | 74-55 | »7499[[100 + 95 — 78,69 | 173,61 [5,08] 57,60 (5760 
— | 38,10 | 134,91 | 3,19 | 74-12| 7446 95 — | 79.51 | 174-40 |5,I1]| $7534 | +579? 
— | 38,93 | 135-69 | 3-24 | 73,70 7404 9 — | 80,33 | 175.19 5,14 57,95 5735 
— 39,75 | 136,47 | 3.29 73,28 7362 ge - — | 81,16 | 175,98 |5,18| 56,82 | 570 

— 40, 58 137-25 3,33 72, 86 57320 4 81,99 176,78 5-21 56,50 . 


ve 1 


for Spirituous Liquors. 


—"— — GEE 


HEAT 529, 

1 £94 _ 71 | — . 
H. III. .. VII. VIII. I. V. VI.] VII. VIII. 
inc Spirit Water | Bulk of |Diminu-| Quan- Decimal Water and | Bulk of |Dimi-| Quan- |Decimal 
ity. | by | by mixture, | tion of | tity of multi- spirit by mixture. | nuti- | tity of multi- 

mea- [measure. bulk. spirit pliers. weight. on of | spirit pliers. 
sure. | | per cent. | bulk. per cent 
3 05 HE ZD/l 1 4 
100 82,83] 177,59 | 5,24 | 56,30 | 5657 0 + 70 96062 reo] 165.66 258,83 
— | 83,67| 178,41 | 5,26 | 56,05 | 5631 4996122 — | 169,05 | 202,20 | 
— | 84-53] 179,24 | 5-29 | 55479 | »5605 48] ,96182| — | 172,57 | 265,69 
— | $5,41| 180,08 | 5,33 | 55-53 | 5579 4796242 — | 176,23 269,34 4 
— 856,29 180,93 | 5,36 | 55-27 | 5553] 46] ,96301| — | 180,06 | 273,16 6,6 
— | 87,19| 181,80 | 5,39 | 55,00 | ,5526 100 + 45 96362 — | 184,07 | 277,16 — 36,08 | ,3625 
— | 88,12| 182,70 | 5,42 | 5473 | 5499 44] >99420| — | 188,26 | 281,32 10:94] 35554 | 3572 | 
— | 89,06] 183,62 | 5,44 | 54:49 | 5471 43.960479 — | 192,63 | 285,69 6,94 35,00 | ,3516 | 
— | 90,03| 184,56 | 547 | 54-19 | »5443 42.955380 — | 197,21 | 290,28 [6,93 | 34-45 | -3461 | 
— | 91,02| 185,53 | 5,49 | 53,91 | >5415 4196597 — | 202,02 | 295,08 [6594 | 33,89 | .3405 | 
— 86 3% „53 5 — | 207,08 300, 12 fe 3 | 
— — 212,39 305,436 | 
— — | 217,97 | 311,02 
ok — | 223,87 | 316,93 
_ — | 230,00} IIÞ35 15 | 
os — | 230,06 | 329973 | 
125 — 243.62 336,716 984 
PR — | 251,01 | 344,12 | 
= — | 258,85 | 352,00 6, 85 — 52855 
— — | 267,20 | 360,37 |0,83| 27,75 2288 
| — — | 276,10 | 369,32 6,78 27,08 | ,2720 
| — 285,63 378,89 6,74 26,39 | ,2651 
— — | 295,82 | 389,13 6,69 25,70 | 2581 
— — | 306,79 400, 146,65 24,99 | „2510 
— — 318,58 412,00 6,58 | 24,27 | 2438 
2 — | 331,33 424,80 6,53 23,54 | 2365 
1 — | 345,14 | 438,66 6,48 22,79 | 2290 
— — 3560, 14 453.73 6,41 22,04 | 2214 
— — 376,51 470, 18 6,33 21,27 | 2136 
| — 116,66 210,51 5 | 47,50 | — | 394-44 | 488,19 |6,25 | 20,48 | ,2058 
— 1118,33 212,14 | 6,19 | 47,14 | — | 414,16| 508,00 |6,16| 19,68 | ,1978 
— 120, 04 213,82 | 6,22 | 46,76 | — | 435-96 | 529,88 [6,08 | 18,87 | ,1896 
— 121,80 215,55 | 6,25 | 46,39| — | 460,19| 554,21 [598 | 18,04 | zIS13 
— [123,62| 217,33 | 0,29 | 46,01 — | 487,25| 581, 385,87 17,20 | ,1728 
— 125,500 219.17 | 6,33 | 45,62 — | 517,71 | 611,95 [5,70] 16,34 | 1642 
95169 — 127,43 221,06 | 6,37 | 45,23 — 552,22 646,58 |5-04| 15,47 | 1554 
— 129, 42 223,02 | 6,40 | 44,83 — | 591,67 686, 17550 14,57 | 1464 
— [131,47 | 225,04 | 0,43 | 44:43 — | 637,18| 731, 815,37 13,66 | ,1373 
— [133,60| 227,13 | 6,47 | 44 02 — | 6g0,28| 785,065.22 12,74 | ,1250 
—. 322 229.29 5.8 | 43.61 — |_ 753-03 | 847,9615-07| 1821185 
— 138, 05 231,52 | 6,53 | 43,19 — | 828,33 | 923,41 j4:92 | 10,83 | ,1088 
— 140, 38 233,82 | 6,56 | 42,77 — | 920,38 | 1015,04 [4,74| 9-85 | 09589 
— 142,80 236,20 | 6,60 | 42,33 — | 1035.42 | 1130,87 4,55 | 8,84 | ,0888 
— 145.310 238,67 | 6,64 | 41,89 — | 1183,34 | 1278,97 4,37 7-82 | 0785 
— |147,91| 241,24 | 6,67 | 4145 — | 1380,56 | 1476,38 |4,18| 6,77 | 0680 
— 150,0 243,90 | 6,70 | 41,00 — | 1656,67 | 1752,70|3,97 | $70 | 0573 
— 153,37 246,66 | 6,71 | 49,54 — 2070,83 2167,08 3,75 4,61 | ,0404 
— 156, 25 249,52 | 6,73 | 49,07 — | 2761,11 | 2857,56|3,55| 3,50 | ,0352 
— 159.25 252,50 | 6,76 | 39,60 — | 4141,66 | 4238,31 j3,35| 2,36 | ,0237 | 
— 1162, 39 255,60 | 6 6,79 | 39,12 99890 — | 8283,32 | 8380,15 [3,17] 1,19| ,9120 | 


g26 IO; Mr. GiLeiN's Tables 


14s | ut 
- [Decimal ] Spirit and |: 
multi- water by | 
it | pliers. | weight. | 
f 
| | W. 
100, oo 100 41,39 | 138,02 3,37 72,46 ,7275| 100- 
100,72 | — | 42,22 | 138,80 3,42 72,05 7234 
66 101,44 | — | 43-05 139,58 3.427 7164 | ,7194| 
102,16 | — | 43-87 | 140,36 [3,51] 7124 | ,7154| 
|_102,89 | _=_|__44-79 | 1415 [355 | 70,85 | 7114 
103,63 | 9459 — | 4553 | 141,93 [3-00| 70,46 | ,7074| 10⁰ 
104,36 | © 6 — | 40235 | 142,72 3,63 70,07 | ,7036 
105, 10 — | 47-18 | 143,50 3,68 69,68 | ,6997 
| 105,84 | — | 48,01 | 144,29 3.72 69,30 | ,6958 | 
106,58 — | 48,84 | 145,07 3.77 68,93 | 6921 T 
— 107,33 — | 49-67 | 145,86 |3,81| 68,56 | ,683; 100 
— | 108,08 | — | 50,50 | 146,65 {3,85 | 68,19 | ,6846 | 
— 108,82 | 1, — | $133 | 147-44 3.89 67,82 | ,6811 
2. 109,57 — 52,15 148,22 3.93 67,46 6775 | 
— 110, 33 — | $2,98 | 149,01 3.97 | 67,11 | ,6738| TN 
— 1 111,08 | — | $3,$1 | 149,80 [4,01 | 66,76 | ,6702 | 100 
| — 13,25 111,83 — | $464 | 150,59 [405 66,41 ,6667 | 
— | 14,07 112,59 — | $5247 | 151,37 410 66,06 | ,6633| b 
— | 14-90 | 113,35 | — | 56,29 | 152,16 4,13 65,72 | ,6599 b 
| — | 15,72 | 114,10 —_|__5712 | 152-95 [4-17 | 05-38 | ,6565 
| — | 16,56 | 114,87 | 1 — | 57-95 | 153-74 4,21 05,04 | 6531 100 
— | 17,39 | 115,63 | — | 58,7 | 154-53 425 6471 | 6498 & 
— | 18,21 | 116,39 | — | $9,61 | 155,32 |4-29| 0438 | ,6465 1 
| — | 19,04 | 117,15 — 43 | 156,11 4.32 64,05 | „6432 
— | 19,87 | 117,91 | — | 61,26 | 156,90 4.36 63,73 | ,6399 EE 
— | 20,70 | 118,68 — | 62,09 | 157,69 4.40 63:41 | ,63 100 
— | 21,52 | 119,44 | — | 62,91 | 158,48 4.43 63,09 | „6335 
| — | 22,35 | 120,21 | — | 6375 | 159,27 |4-48| 62,78 „6303 
| — | 23,19 | 120,98 | — 57 | 160,08 4.49 62,47 | „6 
| — 121,75 [2 — 5-41 | 160,86 4.55 | 62,16 | ,6242 TIT 
— 122,52 — | 66,23 | 161,66 [4,57 | 61,86 „6211 100 
— 123,29 — | 67,05 | 162,46 4.59 61,55 | ,6181 
— 124,06 — | 67,88 | 163,25 4.63 61,25 | ,6151 
— 124,83 — | 68,71 | 164,04 14,67 | 60,96 „6121 
88371] — | 28,15 | 125,60 | 2 — | 69,53 | 164,84 |4,69| 60,66 | ,6091 6: 
100 + 35|,88486| — | 28,98 | 126,38 | — | 70,37 | 105,63 [4,74 | 00,37 | „02 Loc 
| 36 abe — — —5 — | 71,20 | 166,42 4.78 60,09 | „6033 
1 37|»-88712| — | 30,63 | 127,92 | — | 72,02 | 167,22 4,80 59,81 | ,0004 
| 38|,88322| — | 31,46 | 128,70 — | 72,85 | 168,01 14,84 | 59,52 | 5979 | 
| 3988930 — | 32,28 | 129,47 2 8 — | 73,68 | 168,81 4,87 59,24 | 248 MW 
100 + 49189037] — | 33-12 | 130,25 | 287 | 76,78| ,7709 [too + 9092793] — | 7451 | 169,60 4:91 | 58,96 5 — 100 
41] 89142] — | 3395 | 131,02 | 2,93 76, 32 7663 21022844 — | 75-34 | 170,40 [4-94 | 58,68 889 WM 
4.89246 — | 34-78 | 131,79 | 2,99 | 75,87 7618 92,9289 — | 76,17 | 171,20 [4:97 | 58,41 ps 
* 43893490 — | 35-60 | 132,57 | 3-03 75,43 7574] 33.929480 — | 76,99 | 172,00 499 58,14 $4 | 
1 nn 44\239450\ — | 36543 | 133,35 | 3-08 | 74,99 22g. 22222 —. 77-82 | 172,79 [5-03 | 57-87 | 5210] . 
| 1 + 45189548] — | 37-26 | 134-13 | 3-13 | 74-55| 7486100 + 95|-93049] — | 78,65 | 173,59 [5-06| 57,01 +574 =" 
5 | 49],89647] — | 38,08 | 134,90 | 3,18 74,13 7443 959309 — | 79-47 | 174-38 [5-99] $7-35 | 2575" 
k | 47|-89744| — | 38.91 | 135,68 | 323 | 73,70| ,7400| 97|-93148] — 8,9 | 175,17 6˙12 57:09 5736 
1 48 39639 — | 39-74 | 136,46 | 3-28 | 73,28| 7358 98|,93197] — 81,12 | 175,96 5,16 56,83 5680 | 
1175 49089933 — 4,56 | 137,24 3,3272, 86,7316 99193244) — | 81,95 | 176,76 , 19 56,57 5999} . 


for Spirituous Liquors. 
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BL HEAT 532. 
— | — 1 W N l 4 | 
, L | II. II. N IV V. ö VI. | VII. VIII. | & MN 
Water and Specific Spirit} Water Bulk of 3 Quan | Deci mall Water and 8 
| gpirit by | gravity. | by by mixture. tion of | tity of multi- spirit by alti 
| weight. mea= measure. | bulk, | spirit | pliers. |} weight. ons | 
| sure. | | 1 i ad | 
w. + Sp-| __ an | 
100-+ 100|+93291 100 | 100 | 165,57 258,76 [6,81 | 38,64 | ,3880 | 
93341 — — | 168,96 262, 146,82 38,14 | ,3831 | 
98.933900 — — | 172,48 | 265,62 6,86 37,64 | ,3780 
_ 971 -9343% — — | 176,14 | 269,27 [6,87| 37,14 | 43729 
A +93486] — — | 179,97 | 273,08 6,89 36,62 | ,3677 | 
N AY _ 183,97 277,08 [5,89 36,09 » 3024 
9493582 — — | 188,16| 281,24 |6,92| 35-55 | „357 
93 »93631 — | _ 192,53 285,60 6,93 35,01 73515 | 
| 92 »93679] _ — | 197,11 | 290,19 6,92 34-46 | ,3460 | 
91093728 = — | 201,92 | 294,99 [0,93| 33-90 | 3494 | 
100 + 90.937760 — — | 206,97 | 300,03 [6,94| 33-33 | 3346 
8993826 — — | 212,28| 305,34 [6,94| 32,75 | „3288 
88 93876 — as 217,86 | 310,93 [0,93 32,16 »3229 
8793927 — — | 223,75 | 316,83 6,92 31,56 +3169 | 
— 9.22228 _—_|_229-97 |_323-05 |6,92| 39,95 [3108 
100 + 85] 94028] — — | 236,54 | 329,62 6, 92 30,34 | 3046 
84.940810 — — | 243-59| 336,59 [6,91 | 29,71 | 2983 
83] 94133] — — | 250,88 | 344-00 [6,88] 29,07 | ,2919 
82594186 — — | 258,71 | 351,87 [6,84| 28,42 | 2854 
8194240 —  — | 267,06 360, 24 6,82| 27,76 | 2788 
100 + 8094293 — — 275.96 369,19 6,77 27,09 | »2719 
2 — 285,48 378,75 6,73 26,40 | 2651 
75) 94401] — — | 295,67 | 388,98 |6,69| 25,71 | 2581 
7794500 — — | 306,63 | 399,98 6,65 25,00 | ,2510 
706.945 10 — — | 318,41 | 411,83 6,58 24,28 | ,2438 | 
[99 + 75] 94504] — — | 331,16 | 424-03 6,53 23,55 | »2304 | 
7494620 — — | 344-96| 438,48 6,48 22,80 | ,2290 | 
73] 94076] — — | 359.95 | 453-54 6,41| 22,05 | 2214 | 
7294731 — — | 376,31 | 469,98 6,33 21, 28,2126 
2494787. — — | 394-23 |_ 487,98 525 20,49 | 2057 | 
100 + 70] ,94843] — — | 413,94 | 507,78 6, 160 19,69 | ,1977 
69, 94900 — — 435.73 529,65 6,08 18,88 | ,1895 
6894958 — — | 459995 | 553-96 5,99 18,05 | ,1812 
67] ,95015| — — | 487,00] 581,12 [5,88| 17,21 [,1727 | 
95073] — — | 517,44 | 611,66 5,78 16,35 51641 
— 1122 — Fe | 646,28 5565 15,48 1555 
04 95190 — — 597,36 685,84 5,52 1458 | 1403 
6395249 — — | 636,85 | 731,46 65, 39 13,67 | ,1372 
| 62] ,95308| — — | 689,92 | 784,68 5, 24 12,74 | ,1280 | 
61] ,95 368] — — |_ 752,64 | 847,54 [5,10| 11,80 | ,1185 
100 + 6o| ,95428| — — 827,90 | 922,95 4,95 10,84 | ,1088 
59] 295488] — — | 919,90 1015,13 [4,77| 9.85 | ,0959 | 
3895549 — — | 1034,88 | 1130,30 4.58 8,84 | ,0588 
[ 57 95009 — — 1182,72 1278,32 4,40 7,82 | ,0786 
| 8928559 — — | 1379.84 | 1475,62 4, 22 6,78 | ,0680 
100 + 55 95730 — — 1655,81 1751,79 4,02 $71 | 0573 
5341-95790] — — | 2069,75 | 2165,96 3,29 4:02 | ,0404 
53958500 — — | 2759,66 | 2856,06 3,60 3,50 | ,0352 
„ — 4139,50 4236,09 3,41 236 | ,0237 
lo 51195970] — — | 8279,00 | 8375,77 3.23 1,19 |,0120 


HEAT 5. | 
— ö ä — — 2 — | — — — — 
vn. E un. ut. mm. 1 
Decimalſl Spirit and | Specific Spirit Water by | Bulk of |Dimi 
multi- water by | gravity. by | measure. mixture. 
| pliers. weight. mea- | | 
i-Y | sure. 
. 2 + W. 2 
| 100,00 — 100,00 1,0034|[100 + 50 39978 10 41,37 138,01 
100,72 | O11 | 99929 9963] 51, — | 42,20 | 138,79 
101,44 | 0,22 | 98,58| 9892] 52 er — | 43-03 139,57 
102, 16 0,33 | 97-88] 9822 53190244 — | 43-85 | 149,35 
102,89 | 0,42 | 97»19 29752] 4.20329 — | 44-08 | 141-14 
' 103,63 | 0,51 95,50 958300 + 5590413] — | 45,51 | 14192 
96 | 104,36 | 0,60 | 95,82| ,9616| 56| ,90496| — | 46,33 | 142,71 
| 105,10 | 0,69 | 95>15| 9549 $7] 90577] — | 47-10 | 143-49 
105,84 | 0,78 | 94-48] 9482  58|,90657] — | 47:99 | 144-25 
— 106,58 0,87 | 93:83 29416 | | 59] ,90736] — | 48,81 | 145,06 
— 107-32 | 0,96 9318 ,9350|[100 + 50,905 14 — | 49,04 | 145-35 
wh | 108,07 | 1,04 | 92,54| 9286] 6190891 — | 50,47 146,64 
— 108, 82 | 9 | | 1 62 9096 — 1 T0 147.43 
— 109,57. | 1 — | $2,12 | 148,21 
— 110, 32 | — 52.95 _ 149,00 
| 111,08 — 33.28 | 149-79 
— 111,83 — 54.61 | 150,58 
— 112,58 3 — | 55,44 151,36 
— 113,34 156 | 88,23] 8353} 88 91456 — 56,26 | 152,15 
» 114.10 | 1,61 | 87,64| 8794 69|,91477| — |_57:09 | 152-94 
= "T14:36 | 1,69 | 87,06| ,8736|[100 + 70|.91546| — | 57:92 | 153-73 
— 115,62 | 1,76 86,49 „8679 71.916150 — | $8,75 | 15452 
— | 116,38. 1,82 85,92 8622 * 72 91682 _ 59,58 155-31 
= 117,14 | 1,89 | 85,36| „8566 73| 91750} — | 40 156,09 
— 117,91 | 1,95 84,8181 7491815 — | 61,23 156,88 
— 118,68 | 2,01 84,26 8455 [100 + 75 -91880] — | 62,06 | 157,08 
— 119,44 | 2,07 | 83,72 ,8401 | 76591944 — | 62,88 | 158,47 
ain 120,21 | 2,1383, 19,8348] 77 920060 — | 63,71 | 159,25 
— 120,98 | 2,20 82,66 „8295 _ 78| ,92067] — | 64,54 | 100, 
— 121,75 | 2,24 | 82,14 S243 : 70 921280 — | 05,37 160, 84 
— 122,52 | 2,31 81,62 8190100 + 80 ,9218g] — | 66,20 161,64 
a 123,29 2,36 | 81,11| ,8139]  81|,92247] — | 67,02 | 162,44 
— | 124,06 | 2,41 | 80,61| „8088 82,9230) — | 67,85 | 163,23 
— 124,83 2,47 80, 1108039 83] ,92365] — | 68,67 | 104,02 
— 125,60 | 2:54 2252299 8492421 — | 69,50 | 104.82 
— 126,37 | 2,59 79,13 7941 100 + 85.924780 — 70,33 165,61 
— 127,14 | 2-65 78,65 7893 8592535 — | 71,17 | 166,40 
_ 127,91 | 2,71 | 78,18| 7845 $7|,92590] — | 71,98 | 167,20 
ot 128,69 | 2,76 77,1 7798 _ 88],92644| — 72,81 167,99 
— | 32-26 | 129,46 | 280 | 77-24| »775! 89|»92797|_—_|_73-64 |_168,79 
—"|33:10 | 130,24 | 286 | 76,78| ,7705 [100 + 90|,92751] — | 74:47 | 109.58 
— 33.93 | 131,01 | 2-92 | 70,33| 7659 91.9280 — | 75,30 | 170,38 
| — | 34-76 | 131,78 | 2,98 | 75,88| 7014 92 92854] — | 76,13 | 171,18 
| — | 35-58 | 132,56 | 3-02 | 75-43] 7570] 93192995] — 76,95 | 171,98 
| — |36-4-1_133-34_|_3:97 |_74:99 |_2752 94.229500 — 222 |_172»77 
— [37,24 | 134-12 | 3-12 | 74-56| „74820 + g5|,93906] — | 78,01 | 173.57 
— | 38,06 | 134-39 | 3-17 | 74-13] 743 93055 — | 79:43 | 1743 
— | 38,89 | 135-67 | 3-22 | 73971] »73 9793105 — | 80,25 | 17515 
— | 39-72 | 130,45 | 3-27 | 73-29} 27354 98] ,93154| — | $1,08 | 175,94 
| — | 40.54 | 137-23 | 3-31 72,87 7312 994.9320 .— | 81,91 | 176,74 


» ak. = —_—  — —_— ea 


258,70 


14 RW NG I OR 


hb... Ao ud... Bw LEA) e LAG | 


— 


1} SO > to. 3 eb eG broader. Moll, AAS cfS ot Dt 


>A v3 YO „ 


RO 


»95938 


162,23| 


—— — 


| 827471 


93249 82,74 5 
þ* 25 — | 83,59 — 262,08 6 
9893348 — | 34-44 — 265,55 6 
97.933960 — 85,32 — 269, 20 
9224 — | 86-20 _4 ome 273,01 [6 
00 . | — | 87,10 100 ＋ 45 98 | 27700 
9 _ — | 88,03 — 281,16 
93590 — 88,96 — 285,52 
| 92]-93639| — 89,9 _ 290, 106 
100 93736 — | 9193 100 + 40 — 299,94 
5 1 55 93736 — 92.97 2 305, 25 6 
93836 — | 9403 — 310,83 
93887 — | 95,11 _ 316,74 
36.939383 — | 96,22 = 322295 
100 + 85 93988 — | 97-35 100 + 35 — 329,51 
"0 — — — 7 5 — 336,486, 89 
830940 — | 99.69| my 343-9 
5 94¹46 — 100, 91 — 351,75 
3194200 — 102,15 — 360,11 
100 + 80|94253| — 103,43 100 + 30 — 309,05 
»94307| — [104,74 — 378, 606 
781594361 — [106,08 — 3288,83 
7794416 — [107,46 — 399,82 
7694471 — [108,87 — 411,66 
100 + 7594625 — 110,32 100 + 25 — 42440 
* 2257 — 111,81 | — 438, 306 
94637 — 113,34 — 76] 453,366 
94693 — [114,92 — 459,78 
71194749] — [116,54 wok 487277) 
100 + 70| ,94805| — 118, 21 100 + 20 m_ 507, 56 
69 94862 — [119,92 — 529,42 
94920 — 121,68 ae 55371 | 
67] 94978] — 123,50 __ — 
595036 — 125.37 DOS, _ 611,3815-7 
loo + 65|,95094| — 127,31 100 + 15 — 645,98 | 
8495153 — [129,28 — 1 
395213 — [131,33 9 5 4 
95272 — 133,46 — 784, 30 | 
295 332| — [135-05 n 84251312 | 
100 + 60|,95393] — 137,91 100 ＋ 10 — 922,49 
95453 — [149,24 — 1014,62 
95514 — 142,65 8 — 1129.73 | 
95575 — 145,16 7 — 1277,67 
256535 — [14776 6 — |_1379-12|_1474-86 
100 + 55] 95096] — [150,44 1 Ot 1 
95757 — [153-21 + — 2164,83 
95817 — [156,09 3 _ 2854,58 
95877 — [159,10 2 — 4233,89 
a 1 — 
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Mr. Gil riN's Tables 


HEAT 535. 
vun. vin. 1. u. .] iv. | v. 
n- [Decimal | Spirit and [Specific 1 4 Water Bulk of Dimi 
tity of multi- water by [gravity. | by by mixture. 
| spirit pliers, |} weight. mea- measure. 
G Per cent. 2 sure 
Li | SE 
99,29 — 51 90023 — | 42,18 138.78 
98,58 9886 52,9011 — | 43,01 | 139,56 
97,88 9816  $3þ90198] — | 43-83 | 149,34 
97:19] 29747}____$4|:99283] — |_ 44-65 | 141.13 
95556 9678160 + 8025260 — | 45-49 41,91 
95,82 ,g610f} 56 90450 — | 46,31 | 142,70 
95.189543 379053 — | 47-14 | 143-48 
94.499476 38.906116 — | 47:97 | 144-27 
— e259 — 22188 
— 5 f 93,18 9345 00 + 60, 90768 — | 49,02 | 145,84 
e 05 92,54 9 ½280[ 61,9084 — | 50,45 | 146,63 
— 9 8 „ 91,90 9216 62, 90921 — 51,28 | 147,42 
— | 10,75 | 109,56 | 1,19 91,27 9153 63],90996] — | 52.10 | 148,20 
— | 11,58 | 110,32 | 1,26 | 90,65| 22991842107 — _ 52,93 | 148-99 
— | 12,41 | 111,07 | 134 | 90,03| 9029 100 1 65|,91144| — | 53,70 | 149,78 | 
— | 13,23 | 111,82 | 1,41 | 89,43] „8968 66|,91217] — | $54.58 | 150,57 
— | 14,06 | 112,58 | 1,48 88,83 „8908 67.912890 — | 55,41 | 151,35 
— | 14,89 | 113,34 | 1,55 | 88,23] ,8348] 68.913611 — | 56,24 | 152,14 
— | 15,71 | 114,09 | 1-62 | 87,64| 8789} __691,91432| — | __ 57:07 | 152-93 
— | 16,54 | 114,86 | 1,68 | 87,06| 8731 [00 + 70[,91502 — | $7,89 | 153,71 
_— i; 77 115,62 1,75 86,49 86741 711591571 — | 58,72 154.50 
— | 18,19 | 116,38 | 1,81 | 35,93] 8617 1 72 S640! — 59.55 | 155,29 
— | 19,02 | 117,14 | 1,88 | 85,37] „8561 73.9706 — | 60,37 | 156,08 | 
— | 19,85 | 117,90 | 1.95 | 84,82] 8506; 242172 — |_61:20 | 156.87 
— | 20,68 | 118,67 | 2,01 | 84,27| ,8451f}i00 + 75|,91837] — | 62,03 | 157,00 
— | 21,50 | 119,43 | 2,07 $3-73| 8397 70,9190 — | 62,85 | 158,45 
— | 22,33 | 120,20 | 2,13 | 83,19] ,8343| 77|-91963 — | 63.63 | 159,24 
— | 23,16 | 120,97 | 2,19 | 32,66| „8290 78] ,92024| — | 64.51 | 160,04 
— | 23,98 | 121,74 | 2,24 82,14 ,8238]} 79.920858 — | 65,34 | 160,83 
— | 24,31 | 122,51 | 2,30 | 81,63| ,8186 100 + 80 92145 — | 66.16 | 161,62 
3 — | 25,64 | 123,28 | 2,36 | 81,12| ,8135  B81],92205|] — | 66,99 | 162,42 
40 — | 26,46 | 124,05 | 2,41 | 80,62| ,8084| 82],92264| — | 67,82 | 164,21 
of — | 27,29 | 124,82 | 2,47 80, 12 ,8034 $3],92322} — | 68,64 | 164,00 
7] — | 28,12 | 125559 23. | 79-63| 7985] 84192379] — |_6947 | 164-79 
— | 28,95 | 126,36 | 2,59 | 79,14 7936/0 ＋ 85],92436] — | 70,30 | 165,59 
8807 — * 127,13 2,64 78,66 7888] 80.924920 — | 7113 166,38 
— | 30,60 | 127,90 | 2,70 | 73,18| ,7840 9792547 — | 7195 | 107,18 
— | 31,43 | 128,68 | 2,75 | 7771] 37793 8892501 — | 72.78 | 167,97 
— | 32.25 | 129-45 | 2-80 | 77-25 | »7747 89] .92654| — 23.51 | 168,77 
—"| 33,08 | 130,z3 | 2,85 76,79| ,7701ÞÞ00 9.92707 — | 7443 | 109,50. 
| — | 33-91 | 131,00 | 2:91 | 76,33] ,7055 91927590 — | 75-26 | 170,36 
| — | 34,74 | 131,77 | 2:97 | 75,88] ,7610 92|,92811] — | 76,09 | 171,16 
| — | 35,56 | 132,55 | 3-01 | 75-44| 7560 9392862 — | 76,91 | 17196 | 
— | 36,39 | 133-33 | 3-00 | 75-00| 2822 94192913] — ZZZ. |_172-75 
— | 37-22 134,11 | 311 74,57 7478100 + 9592903 — | 78,57 | 17355 
— | 38,94 | 134-88 | 3,16 | 74-14] 7435} 680.3124 — | 79:39 | 17434 
| — | 38,87 | 135,66 | 3,21 | 73-71] 7392 9793062 — | 80,21 | 175213 | 
5 — | 39-70 | 136.44 | 3-26 | 73-29] 7350 98] 931110 — | 81,04 | 175,92 
| — | 40,52 | 137,22 | 3,30 | 72,88} ,7308 99131591 — } 81,87 | 176,72 
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for Spirituous Liguors. 
HEAT 33e. | 
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V. 
abr] Woes | Bath. of Water and | Specific Bulk of 
gravity. £2 * mixture. spirit by | gravity Te 
mea- measure. 
r W. ＋ Sp 
— — e e | os 258,64 
1004+ 100, 93208 100 | 82, 70 177,53 nates —— oo E In 
293257] — | $3255 | 178,34 — 265,49 
25309 — | 26-49] 3717 __ 269,13 
293354) — | $527 | 180,02 „ 272,94 6 
,93493|_— |_86,16| 180,87 90272 276,92 6,87 
100 + 95|-93452| — | 57,00] 181,74 n * 5 281,08 
am — | 27:90] 1M 96393 — | 285,44 | 
93549 — 88,92 183,55 9645 — | | 290,01 | 
9359808 — 89,89 184,48 | 96515 . | 294,80 
23647 — 22-88 185,44 | ———|- — — 299,85 
100 + 90 93696 — 91,89 186,42 | 5380 | 100 Y 40 pe” 4 3 | 305, 16 | 
89.937460 — 92,92 187,42 96695 a 310,74 
93796 — 93˙98 188,44 | 96756 RES 316,64 e 
93846 — 95˙⁰0 189.49 | _— 322.86 ( 
293897] — | 99:37 | 199557 D ia, 329,41 
100 + 5.554% — | 97:30| 191,67 r 3365,37 
8494000 — | 88,4 192,80 96996 — 343.77 
83 „94052 — 99,64 193,95 97059 — 351,63 | 
8294105 — 100, 86 195,13 e JR | 359,98 
242. —. 102,1 196,35 1 — 36 
1 5075100 + 3097181 — | 
100 + 801,94213} — 103, 38 197,59 l | | 97243 — | 378,46 6 
| | 94267 — 104,09 198, * 07 308 1 388, 68 6 
722% — er | 200,17 B 
94376 — [107,41 | 201,52 97435 — 411,49 6 
| 6!,94431| — 108,82 202,90 | | — — | 424,29 
100 + 75|94486| — |110,27 | 204,32 | „ YIOO I-23 —— 3 60 438,13 6 
214.9454 — 11,76 20877 839 97635 m 453-18 f 
4 7394598 — 113.29 207,27 „ö 9770 — 469,59 
a 2 22228. 22 
1100 + 70, 94767 — 113,15 ** 7 — | 52919 0 
6994824 — 119,86 97097 _ 553.47 [6, 
| 1 94882 — 121,62 980% 3 580,60 | 
6557.949400 — 123,44 981500 — 511,10 5.80 
TE EE EIT TA e 
10 + 5595557 — 127724 1 685,19 
995116 — 129,22 98413 — 730, 76 
95176 — 131,27 22490 98606 — 783,92 
95236 — 133-39 226,99 98602 2 846,72 
| »95290 * 135-58 22915 8 ” 922,04 
100 + 60,95 357 — 137,84 231,37 4334/0 + 10 —_— = 1014,12 
»95418| — [140,17 233-67 9.98978 TRE 1129,16 
295479] — 142,58 230,05 7199034 — 1277,02 
295540] — 145,09 238,52 1118 1474,11 
295001] — [147,69| 241,09 | © _ T7: 39 
100 Þ 55 9552 = 150,37 243,74 541141100 + 5 294736 ul 4 
4.95723 — 153,13] 240,48 — 2853,11 [3,70 
ö 229 = | an aagem 
, — 11 , 25 . ) | 7 | 
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HEAT 569, 


| 


Tutte hne 


76,34 57652 | 


| 75,00| ,7519| 


DENSE 


VIII. J. 
Decimal Spirit and 
tity of | multi- water by 
Irit | pliers, weight. 
per cent. 
ef R W 
100, 01, oo23 100 + 50 100 
99˙29 9952 51 — 
98,58 „9881 52 — 
97,88 »9811 $3] — 
97-191 974! 54 _ 
96,50 „9672100 + 55 aus 
95,82 , 5 56 — 
9515] 9538 57 — 
| 9449] 9471 58 — 
_93-83 |_»9495} 59 — 
93-18] 933900 + 00 _ 
| 9254] »9275 61 — 
91,90 9211 62 _ 
91,27 9148 63 TRY 
90,04| 902400 + 65 — 
89,43] 89634 6 — 
88,83 „8903 67 — 
87,06 8727 00 + 70 — 
86,49 „8670 71 — 
$-93| 8613 72 — 
$237] »8557 73| — 
84,82 „85024 74 — 
84,27 „8447 io + 75 — 
7318393 76 — 
3-19] 8339 77 — 
82,67 8286 78 — 
82,15 +5234] _—_ — 
5753 182100 + 80 — 
81,12 „8131 81 — 
80, 62 „8080 82], — 
25329884 ere 
79-14 27932 100 + 85 m 
| 78,19 ,7836| 87 — 
77.727789 88 —— 
222274 29 — 
76,79 7097100 + yo! — 
91 72 
75˙89 „760 92 5 
7563 93 _ 
- 94 ow 
74750 + 25 
74147432 96 
73727389 97 
73˙30 7347 98 


5 
— 
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2 


Ii 


for Spirituous Liquors. 


TABLE II. | | HEAT 569. 


7 1 — 6 — MN 
n. un w. | v. | vi. vn. vm. 1. n. m.] w. [v. VI. vn. | 
Specific [Spirit Water | Bulk of |[Diminu-| Quan- Decimal} Water and | Specific |Spirit| Water Bulk of |Dimi- { Deci 
| gravity. | by by { mixture. | tion of | tity of | multi- | spirit by | gravity. | by by {| mixture. nuti- | tity of 
mea- measure. I ͤdulk. spirit {| weight. mea- measure. on of | spirit Iers. 
sure. B per cent. | $Ure. | bulk. per cent. 1 
gy | W. + Sp : 5 | 
93166 100 | 82,66 | 177,50 | 5,16 | 56.33 | ,5645 loo + 501 ,95933| 100 | 165,32 | 258,58 6,74 38,67 3876 
93215 — 83.50 178,31 | 5,19 | 56,08 4995995 — 168,70 | 261,96 6,74 38,17 | „3827 
93205 — [84,35 179,14 5% 1 | 55,82 48| ,96057] — | 172,21 265,42 6,79 3767 | 3770 
93313 — | 85,22| 179,99 | 5:23 | 55,56 4796119 — | 175,87 269,06 6,81 37,17 | „3725 
93362 — 86 11 180,84 | 5,27 | 55.30 | 46961810 — | 179-70 272,87 6, 83 36,05 | „3673 
,93411| — | 87,01| 181,71 | 5,39 | 55,03 | „5516 100 + 4590242 — | 183,70 | 270,85 6,85 | 36,12 | ,3020 
,93400| — | 87.93| 182,02 | 5,31 | 5470 | 5489 4496304 — | 187,86 | 281,00 6,86 35,59 | 3567 
,93509| — 88,87 183.52 | 5.35 | 5449 | 5492 439536 — | 192-23 | 285,36 [6,87 | 35,04 | »3512 | 
93558 — 89 84 184-45 | 5-39 | 54 21 | >5434 42| 96426] — | 199,81 | 289,93 6,88 34,49 | 3457 
93607 — | g0-83' 155-41 | 542 | 53-93 +5406 * 41 ,96487 ai 201,61 | 294,71 ,90 33.933401 | 
93050 — | 91,84, 150,39 | 5:45 | 53.65 | 5377 100 4 40|,90545| — | 200,05 | 299,70 6,89| 33+30 | »3344 | 
,93706| — | 92,87 | 187,39 | 5-48 | 53-30 | 5349 39.9658 — | 211,95 | 305,07 6,88 32,78 | 3285 | 
93756 — | 93,93} 188 41 | $4.52 | 53-07 | +5320 38.966700 — 217,53 310,64 6,89 32, 19.3226 
93806 — 95.01 189-47 | 5:54 | 52,78 | ,5290 37| -96730| — | 223-41 | 316,55 6,86 31,59 53166 
93857 — 85,12 190-54 | 5-55 2.8525] 30925292 — 229-01 | 322,76 6,85 | 30,98 | 3105 
93909 — | 97:25 | 191,05 | 5,00 52,18 | ,5230 io + 3590852 — 230,18 329-31 6,87 30, 37 3044 
93960 — 98,40 192.77 | 5-03 | 51,88 | „5200 3496913 — | 243-13 | 336,26 6,87 29,74 | 2981 
9413 — 99,59 193-92 | 5-67 | 51,57 | 5169} 33.9597 — | 25:49 | 343-65 [8,84] 29,10 | 2917 
94065 — 100, 81 195,10 | 5,71 | 51.26] 5137 If 32| ,97036| — | 258,32 | 351,51 6,81 28,45 | -2852 
,94120| — 102.05 | 190,32 | 5,73 | 50-94 10 [ 3107028 — | 266,65 | 359,86 6,79 27-79 | -2780 | 
94174 — 03.32 197,50 | 5,70 | 50,61 | ,5073 fi + 30|,97160| — | 275-54 398,79 6,75 27-11 | 2718 | 
94228 — [104.63| 198,83 5,80 | 50,29 | 5040 |] 29] -97223] — | 285,04 | 378,32 6,72 26,43 | »2049 
»94282| — [105.97 | 200,14. | 5,83 49-96 „5008 28.972860 — | 295,22 | 388,54 60,68| 25,74 ,2580 | 
94337 — 107,35 201,49 | 5-80 | 49,03 | 4975 2797351 — 306,16 399,51 6,65 25,03| 2509 
94392 — 108,2 202 85 Lern 2697416 — | 317-93 | 411.346,59 24-31 | »2437 | 
»94448| — 110,1 204,29 | 5,92 | 45,95 4506 0 + 25|,97482|] — | 339-05 424,12 0,53| 23-58 | „23034 
94504 — [111,70 | 205,74 | 5,96 | 48,60 | ,4872 | 24497550 — | 34443 | 437+96 [6,47 | 22,83 | -2259 | 
94560 — | 13.23 207,24 | 599 | 48,25 | 4837 22397618 — | 359-40 | 45300 0,40| 22,07 2213 
94617 — [114,80 | 208,77 | 6,03 | 47,90 | 4801 22| ,97688] — | 375»73| 469.40 6,33 21,30 | »2135 | 
»94672 — 116,42 210-37 | 6,05 47+54 | :4795 21 297760| — 393-03 487,37 6,26 20,51 | 2056 | 
94720 — |118,09| 212,00 | 6,09 | 47,17 | 4728 00 + 20| ,97831| — 413,31 507,13 5,18 19,72 | ,1976 
,94787] — [119.80| 213,60 6,14 | 40,80 | 4091 || 19] ,97907| — | 435-07 | 528,97 6,10 18,90 | ,I595 
94845} — 121,56 215,39 | 6,17 4643 45% 18.9783 — | 459-24] $$3-23 [9,01 | 18,07 | 1842 
94903 — [123,37 | 217,17 | 6,20 | 46,05 | ,4016 I} 17] ,98062| — | 486,25 | 580,34 |5,91| 17,23| »1727 | 
94962 — 125,24 219.01 6.23 | 45-66 | ,4577 | 16 ,98143] — 516,04 | 610,83 65,81 10,37 21641 | 
295020] 127, 17 220,99 | 0,27 | 45,27 | 4537 flo + 15] ,98227] — | 551,08 | 045,39 5-09 | 15-49 | »1553| 
| ,95080| — [129,15 | 222.85 | 6,30 | 44,87 | 4497 j| 14 938312 — | 599-45 684.83 5,57 14,00 | ,1403 
,95140| — 131,20 224.86 0,34 | 44-40 | 4457 1398402 — | 035-87 | 73042 [5-45 13.691372 
952010 — 133, 32 220,94 | 6,38 | 44,06 | 4416 12] ,98496] — | 658,86 | 783,55 5˙31 12,70 | 1279 | 
»95201] — [135,51 229,10 6.41 | 43.65 |-4375]]  11}.98592] — | 751,48 | 846.32 5,16 11,82 | 1184 | 
95322 — [137,77 | 231,34 | 6,43 | 43-23 | 4333 lioo + 100 98093] — | 529,03 921,00 5,03| 10,55 „1087 
»95383] — [140,10| 233-03 | 6,47 | 42,80 | ,4291 9.98798 — | 918,48 1013,63 4,85 9,86 | ,0989 1 ; 
595445 — 142,51 236,01 | 6,50 42,37 | -4248 8|,98909| — | 1033,29 | 1123,61 4.68 8,86 | ,0558 ! 
95506 — [145,01| 233,47 | 6,54 | 41.93 | -4204 7] -99020| — | 1180.90 | 1276,40 50 783 | »0785 | 
195507 2 147,61 241 03 6.58 41.42 4159 6921480 — 1322-22 1473.38 [4-34 6.79 ,0080 
95629 — 150, 29 243,00 6,01 | 41,04 | „4113 io + 5992700 — 1053,27 1749,13 (4,14 5,72 | »6573 | 
95690 — [153,05 | 240,42 | 6,63 | 40.58 | ,4067 499412 — 2000,57 2162,03 3,94 4:62 | 044 
95751] — [155-93] 249-29 | 0,04 | 49,11 | ,4021 3| -99555] — | 2755-42 | 285167 3,75 3-50 | »0352 | 
958111 — 158,94 252,20 | 6,08 | 39,04 3974 2.99705 — | 4133-14 | 4229457 3,57 2-36 | »0237 
»95873] — [162,07 | 25537 6,70 39.163925 I ,99864| — 8260,29 3303,90 [3,39| 1,20 | ,0120 | 


Mr. GiLein's Tables 


** 


HEAT 579. 
III. 1 v1 7 4 - 
p. — v. | vi. vn. vin. 1. u. .] w. v. vi. vn. 
L ater — 2 4 . o V. 1 
Ay Quan- Dec F RY T 6 VII. VII 
\mea- — 3 alk. I — ja vg — po ö „ Bulk of 40 le ; 
1 . spirit i AM 5g 
2 irc | plies. || weight | eee eee e e e 
5: * — [bulk.| fer cn , | 
l | . Sp. + W | 5 8 
100 — he a — — s | | | | 
— — rr erinner 
— ne 
— f 9876 | 52 90021 * 42 6 3 7 3737 72,07. | 7219 : 
—1 9806 53 SORT mmm 402 139,54 1342 71,66 | »7179 
* 6 331298 4378 | 140,32 3. 79 
— 2222219 — 4461 3 34% 71-26 | ,7139 
— 1 29007 100 + 55 95279 — wh - = — 27100] 
— | ese 56] ,90361] — XY | 141,89 3,55 | 70,48 77000 
ly 295330) 57190442) — | 47,09 | 142,67 3.59 70,09 | ,7021| 
2 6 945 561] 8 17·⁰9 143,45 3-04 69,70 698 
AE. E 291 | 144-24 [3-07 | 09.32 59 
— 9.0 * 4 | 93-18 | „9334100 + 60,9068 1 . Wa 45,02 3,72 68,95 ,6907 | 
518 108,06 | 1,03 | 92,54 „9270 6 p- 4 — 49.57 145,81 3,70 08,5 78870 
rInnen ere 68,22 | 6843 
a ee ous cf} ag Ne r 3•84 67.85 670% 
g 1 - JM Evan, MM 1,26 | 90,65 | ,9081 | 64 — = 52,05 | 148,17 |3,88| 07,49 6751 
0 | — | pang 1 * 90,04 9019 100 * 55 DS 3 . — | 148,96 3»92 67,13. 6724 
by 158 1 40 , | ; 1 | * — 570 1 x e _ | — 
— | 14,04 | 112,57 | 197 | 4% 25% J 52 — HAI BEAFEMFE: 
| 14,87 113733 | 1,54 | 88,24 | 88 | 67] ,91203 — - 151,32 403 66,08 | 6655 
— 292 60 Be > 91275 — 356,18 * 
— Lee 87,65 58780 3 91345 | 50,18 |} 152,01 407 | 65,74 | ,6586 
= | 16:52 | 11435 [3:67 | 57,07 | 3722100 + e 
— — 115 1 71] 91485] — | 58,66 3 7 
PREY ee 1,81 85,93 8608 72] 91 3%, 154-47 19 04,74 | >6485 
| * 3 2. 117,13 1,87 85,37 58552 3 29 25 1 $949 155,26 4223 04,41 6452 
FS 4 49 74 91686 * 6 5 4 + 56419 
50 20, 66 118,90 2,00 | $4,275 | "Toca = 7 7 1 1,14 156,8 4,30 63,76 ,6387 
a — — 2,06 | $3.73) -8358R 7651610 — | 61,96 | 157.63 14-33 63.44 | 5355 
2723 , IB © | * W 57 | 54 A | 
— | 23-14 | 120,90 | 2,18 3-20] 8334 77191877] — | 6 y 1 42 1 7 03,13 | 0323 
3 , 82,07 5881 8 ' Td 3 159,21 14,40 62,81 6292 
3-90 | 121,73 | 2-23 82,15 [8229 29 — — | 64,44 | 160,00 [4,44 | 62,50 | ,0201 
” 1 122,50 2,29 | 81,04 "8177 — ww 5,27 | 160,79 [4,48 62,19 ,6230 
2 © 4 I 123,26 | 2,35 | 81,13 8126 21 22 W 66,09 161,58 4251 61,39 ,0199 
3 »44 | 124-03 | 2:41 80, 63 58076 1 1 82 2 . 92 162, 38 4:54 61,59 6169 
ee W + 4 nt S06 67,75 | 163-17 4.38 61,29 | 6139 
= | 28,92 | 120,35 | 257 | 79-15] 7928100 +8 2 = 69-40 104,75 4-65 60,70 ,0081 
3 ett j 127,88 2,69 78,19 7833 97 14 58 71,06 166,34 4572 60,12 ,6022 
rene — pn 4s 167,14 474 59-83 | +5993 
= ]-32:22 | 129-43 | 2:79 | 77:26] +7739] 89 l 167,93 4,78 59-55 | 905 
= 3305 | 130,21 | 284 7558 7693 7 | 73-53 |_168,73 |4-80| 59-27 | 5937 
— | 33,87 130,98 | 27093 80 + 90792625 — 5 15 
* , 7 3-9 2,89 76,34 57648 91 26 6 Try 7453 I Q,52 4,84. 58,99 »5 909 
* 3770 131,76 2,94 | 75.89 ,7603 * 2 4 75,18 | 170,31 |4,87| 58,71 | 5591 
2 35.35 | 133-31 [ 3-04 | 75-01| ,7515 93 2 * — | 76,83 | 171,91 4.92 58,17 | 5927 
— | 37,18 | 134-09 | 309 | 7458 94| ,92830| — |_77,66 | 172-70 [4.96] 57:90 | 15300 
— 38 oo | 1 80 9 74•˙5 57471100 + 95 92881 — 8 
e ee 7428 9292930 — 78,49 173,50 4.99 57.635774 
5 3 72 135,64 3519 | 7372 738 5 1 97 92 | . 174,29 5,2 57,38 „5748 
* 40,4 137,20 3,28 72,88 7301 — | pears 80,90 175,88 5,08 56, 36 5096 
| 5 93077 — | 81,79 176,58 5711 56, 60 | 5670 


for Spirituous Liquors. 


—— 


HEAT 579. 
| TER | 
III. IV . V. | VL | VII. VIII. | I. IV. | V. | VI. | 
Spirit} Water | Bulk of |Diminu-| Quan- Decimall Water and Water Bulk of |Dimi- 
by | by mixture, | tion of | tity of multi- | spinit by by mixture. | nuti- 
mea- measure. | bulk. spirit pliers. weight. measure. on of 
ure. | | ber cent. | | | bulk. 
| — * 
— SAKE 9: >... TY I 
100 | 82,02] 177,48 | 5,14 hes | ayes 4 Ws »95goc] 100 165,24 | 258,52 6,72 
— 83.40 178,29 | 5,17 | 56,08 | ,5618 | 49.959034 — | 168,61 | 261,89 [6,72 
— | 84,21} 179,12 | 5,19 | 55,83 | ,5592 48.900251 — | 172,12 | 265.35 (6,77 
— | 8517] 179-97 | 5-20 | 55-57 | »5506 47| 96088] — | 175,78 | 268,99 [0,79] 
— 86.0 180,82 | 5,25 | 55,31 | ,5540 4696150 — | 179.61 | 272.80 6.81 
— |} 86,97| 181,09 5,28 | 55,04 | 5514 00 ＋ 45|,90212] — | 183,61 | 276,78 [6.83 
— | 57,89] 182,59 | 5.30 | 54-77 5% 44|-96274 — | 187,77 | 280,92 6,85 
— 88,83 183,50 | 5.33 | 54:59 | 5459 4396335] — | 192-13 | 285,28 85 
— | 89,79] 184-43 | 530 | 54-22 5432 42\-96397] — | 196,71 | 289,84 [6,87 
— |_90-78| 185.39 | 5-39 | 53-94 | »5493 41]:99459} — |_20151 | 294.63 [6,88 | 
— 92,79 180,37 | 5,42 | 5305 | „5375 [100 + 4096521 — | 206,55 | 299,68 [6,87 | 
— | 92.83} 187,37 | 5.46 | 53-37 | 25340 39| 90581] — | 211,84 | 304,98 6,86 | 
— | 9339 | 188,39 | 5-50 | 53-08 | 25317 38|,90043] — | 217,42 | 310,55 [0,87 | 
— | 9497] 189,44 | 5.53 | 52-78 | ,5288 3795704 — | 223,30 316,45 6,85 | 
— | 99.07 | 190,51-| 5,56 | 52,48 | ,5258 _ 36| ,96766| — | 229,50 | 322,06 (6,84 
— | 97-20 191,02 5,58 | 52,18 | ,5228 100 + 35|96827] — | 236,06| 329,21 6,85 
8 | — 25,35 192,74 | 5,61 5 1,89 55198 34 59688. — 243,01 330,15 6,86: 
3 — | 99-54} 193-89 | 5,65 | 51,58 | ,5167 33] 96951] — | 250,36 | 343-54 [6,82 | 
8 — oo, 76 195,08 | 5,68 | 51,27 | ,5135 32|-97013} — | 258,19 | 351,39 [6,80 | 
81 — [102,00] 196.29 | 5,71 | 50,95 10. 31½ 2200 — | 266,52 74 | | 
j100 + 80, 94135} — 103, 27 197,53 | 5,74 | 50,02 | ,$071 flioo + 30|,97138] — | 27540 
79 — 104,58 198,80 | 5,78 | 50,30 | ,5038 29.972024 — | 284,90 
78,  — 1105,92 200,10 | 5,82 | 49,97 | ,5000 28|,97264] — | 295,07 | 
77, — [107,30] 201,45 | 5.85 | 49:03 | -4973 2797331 — | 309,01 | 
76 — 1108,71] 202,83 | 5,88 | 49,30 | 493 6 | — | 30777 |. 
100 + 75 — 110, 16 204,25 | 5,91 | 48.96 — 330, 48 
| 74 — [111,64] 205,70 | 5,04 | 48,61 — | 34420 | 
| 73 — [113,17] 207,20 | 5,97 | 48,26 wy 
72 — [114,75 | 208,74 | , | 47,90| — | 375934] 
1 71 — 115,36 210,33 | 6,03 | 47555 | — | 393-43 
100 + 70] 94691} — [118,03 211,96 | 6,07 | 47,18|, — | 413,10 
69 — [119.74] 213,62 | 6,12 | 46,81 | — | 434-85 
68 — 121,50 215,35 | 6,15 46,43 — | 459.01 
67 — 123.31] 217,14 | 6,17 | 46,05 — | 486,01 | 
66 — [125,18] 218,97 | 6,21 | 45,96}, — | $16,38| 
100 + 65 — 127,10 220,86 | 6,24 | 45,28 — | 550,81 | 
64 | — 29.09 222,81 | 6,28 | 44-88 | 4496 14 — 590, 16 6 
63 5 — [131,13] 224,82 | 6,31 | 4447 | 4456 13 Sd 635,55 
TT == [133-25 | 220,90 | 0,35 | 44-07 | >4415 12 — | 28.52 
195225} — [135-45}_229-06 | 6,39 | 43-66 | 4373] — Ui 
100 + 6095287 — 137.70 231,29 6,41 | 43-24 | 4331 100 ＋ 10 — 826,22 
5295348 — 14, 233-58 | 6,45 | 42.81 | ,4289 9 — | 918,02 1013,14 4.88 
5895410 — [142-44| 235-9 6,48 | 42,38 | ,4246 8] ,98900| — | 1032,78 | 1128,06 [4,72 
| 57595471 — 144-94 238,42 | 6.52 | 41,94 | +4202 | 7.99017 — | 1180,31 | 1275,78 [4,53 
— $0 :95533| — 42.54 24,92 | 6-57 | 41-49 | 4197 6199140} — | 1377-04 1472,66 [4.38 
100 + 5595595 — {150,21} 243,62 | 6,59 | 41,04 | ,4112 [00 + 599258 — | 1652 45 1748,27 [4,18 
5495656 — 152,98 246,37 | 6,61 | 40,58 | ,4005 | 4 99404] — | 2065,54 | 2161,50 [3,98 | 
53195717 — [155.85] 249-24 | 6,62 | 40.12 | 4019 3.99540 — 2754.04 2850 243.80 
5295778] — 158,86 252.20 | 6,66 | 39 64 3972 2] 99698] — | 4131,07 | 4227.44 3.63 
51 958400 — 1162,00 255,31 6,69 39,16 3924 3 99857 — 8262,16 8358,71 [3,45 


Mr. Gil rix's Tables 


HEAT 589. 


| 1 | | — * — ——ů —·:j — | . pew | 
VII. I. | in. In. iv. | v. VI.] vn 
4 12 Spirit| Water | Bulk of |Dimi 
multi- Water by | gravity.| by | by mixture. 
| pliers. weight. | mea- | measure. | | 
Wo sure. | | 
oo — | 100,00 oo | 41-29 | 13797. 
— | 0,83 | 100,72 — | 4211 | 138,75 
— 1-65 | 101,44 — 42-94 | 13953 
— 248 102,16 — | 43-70 | 149,31 
* ; 343! 102,89 | E 44-59 [ 141,09 . 
— 4513 | 103,03 — | 4542 | 141,88 
— | $5.78 | 105,10 | — | 47-06 | 143,44 
— | 6,61 | 105,84 — | 47:89 | 144-23 
— | 743 | _ 106,58 — | 48,71 | 145,01 
— | 8,26 | 107,32 | — | 49-54 | 145,80 
1 9-09 | 108,06 — 50,37 146,58 
— 9591 108, 81 | | — 51,20 | 14 237 
— | 10,73 | 109,56 | 1,17 — 52,02 | 148,15 
— | 11,56 | 110,31 | | — | $2,85 148,94 
| — | 12,39 | 111,06 | —_ 90,04 | 9014 — 53.67 149.73 
— | 13,21 | 111,82 | 1,39 89,43 89541 | — | $4250 | 150,52 
— | 14,04 112,57 | 1,47 | 88,83| 8594 | — 55,32 | 151,30 
— | 1487 | 113,33 | 1,54 | 88,24| 8835] — 56,15 | 152,09 
— | 15,68 | 114,09 | 1,59 | 87,65 | 8770 — | $0,98 | 152,88 
— | 16,51 | 114-85 | 1,66 | 87,07 | 8717 — 57.80 | 153,67 
— | 17,34 | 115-61 | 1,73 | 86,50| ,8060 — | 58,03 | 15445 
— | 18,17 | 116,37 | 1,80 | 85,93] „8604 — | 59-40 | 155-24 
— | 18,99 | 117,13 | 1,86 85,37 85438 — 2 156,03 
— | 19,82 | 117,89 | 1,93 84.828493 — | 61,11 | 156,82 
— | 20,64 | 118,65 | 1,99 $4427 8438 — | 61,93 | 157,61 
26 87145] — | 2147 | 119,42 | 2-05 | 83,73] 8384 | — | $270 | 158,40 
27| 87276] — | 22,30 | 120,19 | 2,11 | 83, 20,8330 — | 63,58 | 159,19 
28] ,87406| — | 23,13 | 120,95 | 2,18 | 82,67| ,8277 — | ©0441 | 15999 
23487534 — | 23-94 | 121,73 | 2,21 | 82,15| 8225} — |__ 05-23 | 160,77 
100 + 30,8765 — | 2478 | 122,49 | 2,29 | 81,64| 8173 — | 66,06 | 161,56 
] = 2720 — | 25,60 | 123,26 | 2,34 | 81,13 8122 — | 66,88 | 162,36 
— | 26,42 | 124-03 | 2,39 | 80,63| ,8072| — | 67,71 | 163,15 
— 124,80 2,45 30, 13 „8022 — | 68,53 163,94 
; * 125,57 | 2,51 29.642224 — |_69.36 |_164-74 
; 126,34 | 2,57 79,15 57924 — 7, 9165,53 
5 127,10 | 2,63 78,67 7876 — | 71,02 | 160,32 
127,88 | 2,67 | 78,20| 7829 — | 71,84 | 167,12 
| 128,66 | 2,72 | 77,3 7782 — | 72,67 | 167,91 
129,42 | 2,78 | 77,26| 7735 — | 73-49 | 168,71 
| 130,21 | 2,82 760,80 70689 — | 74-33 169,50 
130,97 | 2,89 | 76,35 7644 — | 75,14 | 170,29 
69 131,75 | 2:94 | 75,90 7599 — | - 7497 22 
132,52 2,99 75,45 7555 — 76,79 | 17188 
133,313.03 | 75,01] 7511 L 172,68 
134,08 | 3,08 74,58 7467 — | 78,45 | 173-47 
134-85 | 3-13 | 74-15] 7424 r 
135-63 | 3-18 | 73-73] +7382] — | 80,09 | 175-07 
130,41 | 3-23 | 7331734 — | gs | 17S 
137-19 | 3-27 |} 72-89] 7297 — | 81,75 | 176,66 


ity of multi- 


mea» measure. pliers. 
zure ̃ | per cent. 
| | h | 
2 © TRY | | — | * | RES TOTO | 
93084 100 | 82,58] 177,45 | 5,13 | 56,35 | 5641 [100 + 50[,95868] 100 165,16| 258,46 6, 70 38,69 | ,3873 | 
as 83,42 178,26 | 5,16 | 56,09 |,5616 || 4995931 — 168,53 261,82 6,71 38,19 +3824 } 
— 84.27] 179,09 | 5,18 | 55,84 | ,5590 48|-95994| — | 172,03 | 265,28 6,75 37,69 | »3774 
— | 85,12] 179,94 | 5.18 | 55-57 |-5564 | 4.557 — 175,69 268,92 6,77 37183723 
— |_86,02| 180,79 | 5,23 | 55-31 | 5538 4696120 — | 179,52 | 272,73 (6,79| 36,66, 3671 
— | 86,92| 181,66 5,26 | 55,05 | 5512 00 + 45|,96182] — | 183,52 | 276,71 6, 81 30,14 | ,3618 | L 
— | 88,79] 183,47 | 5,32 | 54-59 | 5457 || 43.963060 — | 192,04 | 285,20 [6,84| 35.06, 3510 
— | 89,75] 184,40 | 5,35 | 54,22 | 5429 42.966368 — | 196,61 | 289,76 6,85 | 34,51 | »3455 | 
—_|_99-74|_185,36 | 5.38 | 53-95 [5491 [1195431 — | 201,41 | 294-54 [0,87] 33-95 |»3399 | 
| — | 91,75] 186,34 | 5,41 | 5366 | 5373 |[100 + 40[»96493] — | 206,45 | 299559 [5,86| 33,38 | 3342 | 
— 92,8 187,34 | 5,44 | 53-38 |-5344| 39/»96554| — | 211,74| 304.89 6,85 32,80 | ,3284 | 
— | 93,84| 188,36 | 5,48 | 53.09 5315 |f 3896616 — | 217,31 | 310,46 6,85 32,21 3225 
— | 94-92| 189,41 | 5,51 2,7958286 32796678 — 223,19 316,35 6,84 31,613165 
— _|_96,02| 190,48 | 5,54 | 52-49 263695740 — |_229,39 | _ 322,56 6,83 31,00 | ,3104 | 
»93829] — | 97,15| 191,59 | 5,56 | 52,19 | ,5226 00 + 35.965802 — | 235,94 | 32910 [6,84 | 30,39 | 3042 
If — 88, 30 192,71 | 5,59 | 51,89 | ,5196 31496865 — | 242,89 | 336,04 [6,85 | 29,76 22979 
— | 99-49] 193.86 | 5,63 | 51,59 8 22% — | 250-24 | 343-43 [6-81 | 29.12 | 2915 
— [100,71] 195,05 | 5,66 | 51,28 |,5133]} 3296990 — 2358,06 351,27 6,79 28,47 | | 
— 101,95 | 196,26 | 5,69 | 50,95 [5101 ff 31924 — |_ 206,39 | _ 359.62 [6,77 | 27,81 
— 103, 2 197,50 | 5,72 | 50,63 | 5069 100 + 30,97 1160 — | 275,26 | 368,54 6,72 27,13 | 
— [104,53] 198,77 | 5,76 Fo, 31,5036]  29/-97181] — | 284,76| 378,05 6,71 20,45 | 
— 105, 87 200,07 | 5,80 | 49,98 | ,5004 || 28] ,97246| — | 294,93 | 388,26 [6,67 | 25,76 
— 10%, 24 201,42 | 5,82 | 49,64 | 4971 I} 2797312 — | 305,86 | 399,23 6,63 25,05 
— 108,65 202,79 | 5,86 | 49,31 | 4937 | 2697378 — | 317,62| 411,04 6,58 24,33 
— |[110,10| 204,22 | 5,88 | 48,97 | ,4902 100 + 2597446 — | 330,32 | 423,80 6,52 23,60 | 
— 111,59 205,67 | 5,92 | 48,62 | ,4868 | 24.9751 — | 344-09| 437,62 6,47 22,85 
— |113,11| 207,17 | 594 | 48,27 | 4833 23975844 — | 359-04 | 452,65 [0,39] 22,09 
— 114,69 208,71 | 5.98 | 47,91 |,4797 [22,9765 — 375,36 469,02 , 3421,32 
— 116, 30 210,30 | 6,00 | 47,56 | ,4761 21|,97728] — | 393-24 | 486,97 [6,27 | 20,53 
— [117,97] 211,92 | 6,05 | 47,19 | ,4724 00 + 20|,97801] — | 412,90 | 506,71 [6,19] 19,73 
_ 119,68 213,59 | 6,09 | 46,81 | ,4687 1997877 — | 434-63] 528,53 6,10] 18,92 
— [121,44| 215,31 | 6,13 | 46,44 | ,4650 || 18,97955 — | 458,78 552,75 0,03 18,09 
— 123,25 217,10 | 6,15 | 46,07 4612 1798034 — | 485,77 | 579-84 [5-93] 17-25 | 
94889 — 125, 12 218,93 | 6,19 | 45,67 | 4573 1698117 — | 516,12| 610,29 [5,83] 16,39 | ,16 
— [127,04| 220,82 | 6,22 | 45,28 | ,4534 100 + 15|,98202| — | 550,54 | 644,81 5,73 15,51 
— e. 222,77 | 6,25 be 5 —— | 1498288 — | 589,87 | 684,26 5,61 14,62 | 
— 131,07 224,78 | 6,29 | 44,48 | ,4454 1398379 — | 635,22 | 729,76 5, 46 13,70 
— 133,18 226,86 | 6,32 | 44,08 | ,4413 12,9844 — 688,18 782,83 [5,35] 12,77 
— [135,38| 229,02 | 6,36 | 43,96 | ,4371 1198572 — | 750,74 | 845,52 [5,22] 11,83 
— [137,63| 231,24 | 6,39 | 43-25 | 4330 [190 ＋ 10|,98674| — | 825,81 | 920,73 5.08 10,86 | 
— 1139,96 233,54 | 6,42 | 42,82 | ,4287 || 9.98780 — | 917,57 1012,66 [4,91 | 9,87 
— 142,37 235,91 | 6,46 | 42,39 | 4244 898891 — | 1032,27 | 1127,52 [4,75| 8,87 
— [144-87] 238,38 | 6,49 | 41,95 | ,4200 || 7 0 — | 1179,73 | 127516 4.57 784 
295499] — [147,46| 240,92 | 6,54 | 41,50 | ,4155 62913 — | 1376,36 1421,94 4-42] 6,79 
— [159,14 | 243-57 | 6,57 | 41,05 | ,4110 0 51 ,99200| — | 1851,03 | 1747,41 [4,22] 5,72 
— [152,91 | 246,32 | 6,59 40,59 4064 | 4199396] — | 2064,51 | 2160,49 [4,02 4,03 
— [155,79] 249-19 | 6,60 | 49-13 [1018 3.99540 — | 2752,68 | 2848,83 3.85] 3,51 
— [158,79] 252,15 | 6,64 | 39,65 | ,3970 2] 99691] — | 4129,03 | 4225,35 3,68 2,37 
| -_ | 6,67 | 39,17 | ,3922 | ,99850| — | 8258,07 | 8354.57 3,50 1,20 © 


161,92 255,25 


— 8 — — — — — — 2 —_— 
R 
— 222 — 


of 


MDCCXCIV. | N N 


HEAT 59˙. 
i ili. [AK] 
Decimal ] Spirit and | Specific Spirit 
| water by | gravity.| by 
| weight. | mea- | 
| ö sure. 
| | Sp. + W.| 3 
f 100 1,0006 [100 + 50, 89752 100 
* * 5189843 — 
l — $2] 59931] — 
| VE 12 | 53] >J0018| — 
| 2 54420104 — 
10 =] 9656 00 + 55 »go189| — 
f | — 1 590272 — 
= 255 5790354 — 
'F — 38 .90435/ — 
1 9 ee _106,57 — 2390 39.2814 — 
es + 10 — | $,26| 107,31 | 0,95 | 93.19] ,9324 [100 + 80,9095 — 
| 11 — | 9,08 108,06 1,02 | 92,55| (9260 6190670 — 
12 — | 9-90 108,80 1,10 91.91.9196 62] 90747] — | 
| 13 — | 10,73 | 109,55 | 1,18 | 91,27| 9133 63] 290822| — | 
14] — | 11,55 | 110,31 | 1,24 | 90,66| ,9071 90897 — 
100 + 15. — | 12,38 | 111,06 | 1,32 | 90,04| ,9009 Floo + 65] ,90970] — 
16.856390 — | 13,21 | 111,81 | 1,40 | 89,44| ,8949} »91044| — 
17585797 — | 14,03 | 112,57 | 1,46 | 88,84| „8889 67] 91117] — 
| 18] ,85953] — | 14,86 | 113,32 | 1,54. | 88,24| 8830 68911894 — 6 
19] ,86105| — | 15.68 | 114,08 | 1,60 | 87,65| ,8771} 6991260 — 6 
100 ＋ 20 — | 16,51 | 114,85 | 1,66 87,07 8713100 + 70| ,91330 — 57.77 | 153,05 [4,12| 05, 8 ,0512] 
| 9 — | 17,33 | 115,61 | 1,72 | 86,50| 8656 7191399 — | 58,60 | 154-44 [4,16] 04,75 | 6479 
| 22 — | 18,16 | 116,36 | 1,80 85,94 85994 7291467 — 6943 155-22 4,21 04:42 | 
| 231. — | 18,98 | 117,12 | 1,86 | 85,38 „8543 73| »91534| — ,25 | 150,02 |4,23 | 04,09 6413 
i 1 24 — 19,81 117,88 193 84,83 8488 | 74 91600 — 61,08 156,80 4.28 3577 6381 
* 0 þ | 8433100 + 7591665 — | 61,90 | 157,59 [431] 03-45 | 0349 
| 26 — 76| 91729] — | 62,73 | 158,38 [4,35 | 03,14 | 0317 
27 8 77191791 — | 63,55 | 159,18 [4,37 | 62,82 | 6286 
| 28 — ; 78191854 — | 64,38 | 159-97 [4:41 | 02,51 „0255 
1 = | 23-93 7921915 — | 65.20 | 160,75 [4-45 | 02,20 0224 
100 + 30 — 80 9197 — 00,03 191,54 4,49 5,90 „6194 
5355 — 8192036 — | 66,85 | 162,34 451 91,60 | „6104 | 
| 32 * 38292095 — 67,68 | 163,13 455 61,30 | 0134 
33 — 83 92152 — | 68,50 | 163,92 4,58 61,00 | ,0104| 
3 — 84 92210 — | 69,33 | 164,72 401 90,71 | 6075 
100 + 35 = 85| „92267 — | 70,15 | 165,51 [4,64 | 00,42 | 0045 
36 0 35 92324 — 70,98 166,30 4,08 60,13 50017 
| 37 — 87.923790 — 71,81 | 167,10 4,710 59-84 | 5988 
38 i 88 ,92433 — | 72,63 | 167,89 4.74 59-50 | 5900 
39 Nerd 89 92487 — | 73-45 | 168,69 [4.76| 59-28 | 5932 
100 + 40 — 7685 00 + 90,9254 — | 74-28 | 109,48 4,80 59,00 59% 
41 855 9192594 — | 75-10 | 170,27 4.83 58,72 | 587 
42 — 9292540 — 75-93 | 171,07 fl. 86 58,45 5849 
431589078 — 93192698 — | 76,75 | 171,86 [4,89] 58,18 5822 
4489179 — 9492748 — 727.58 172,66 14,92| 57-91 57934 
10 + 45]89277] — 7463 [100 + 95 92799] — | 78,41 | 173,45 |4-96| $7-65 | 5705 
46|,89375| — 92848] — | 79-23 | 174-25 4.98 57,39 | 2574? 
| 4789473 — 9792897 — | 80,05 | 175,05 [5,00] 57,13 | 571 
4£1,89568] — g98| ,92946| — | 80,88 | 175,84 [504 | 50,87 -50g1 | 
49]-89661] — 34.2835 — | 81,71 | 176,64 5.07 | 56,61 | +5005 | 


FABLE IT. 


for Spirituous Liquors. 
HEAT 599. 


83 


— . | | | | | | 
5 V. | VL. Vn. . u. Jl] Iv. 3 V. in. 
and Bulk of Diminu- Quan- | r * 8 2. — Wo | 
$1 by mixture. | tion of | tity of | e * * 4 . | on off spirit — 
weight bulk. E ct | «| weig cure. | | bulk. 2 cent. . i 
33 | | E W. T 8p Wt n rn — 
— 100] 82,54] 177,43 | 5411 | 56,35 | +5639 100 29 89 = n AL 38,20 3623 
| =] 95-35] 27%.64 | 5-14 15G | 43/,95965] — | 171.95 | 265,22 [6,73| 37,70 | +3773 
95 r 4 828 — | 175.61 | 268,86 (6,75 37.493722 
97 — | 85,07 e : 1 $9 — | 179,43 | 272,66 16,77 | 36,67 | ,3670 | 
9⁰ tal 85,98 . — IR — 961 24 — 183,43 27554 0,79 36,15 3677 | 
100 + 95 — | 86,88] 151,64 | 5,24 2 TO — — 127.59 280,77 6,82 35,62 | 3564 
94 — 87, 80 182,53 5527 547 | | 44 96277 1 191,95 285,12 6,83 35-07 3509 
93 — 88,75 183,44 5,31 54-31 * 96340 — | 196,52 | 289,68 6,84 34:52 23454 
92 i pe 44.254 = |_201:31 | 294.46 (6,85 | 33-96 | +3398 | 
1 — — — D 96405] — | 206,35 | 299551 [0:84 | 33-39 | +3341 
100 + 20 — 91,71 186,32 5739 | 53» 7 ks + 4 35525 1 211,64 304, 80 6,84 32,81 53283 
1 — | 9274] 137-31 | $-43 | 53-39 3.639% — | 217,20 | 310,37 (6,83| 32,22 | +3224 
88 — 93.79 188,34 | 545 24 3 965 2 — 223,08 316,25 6,83 31,62 | 3164 
87 — | 94-87 | 189.38 | 5-49 _ 36 96734 — |_229,28 | 322,46 16,82 | 31,01 | 3103 
— —=] 9997 },,24 | 3:5 3732125 © 35|:96777| — | 235-82 | 329-00 |6,82| 30,40 | >3041 | 
100 + 85 — [97,10 | 191,56 „ 100 ＋ 35 2 — | 051 ane 6.83 29,77 2978 
| 84 — 98,25 192,68 | you Ing 5 : 3+ 2 1 250,12 343,32 6,80 29,13 | »2Q1I4 
33 3 99,44 193,83 | 501 51, | 33 22 I 257,93 351,15 6,78 28,48 „2850 
82 — 100, 66 195,02 | 5,04 51,29 n 266,26 | 359,50 [6,76| 27,82 2284 
— —_ [191,90 | 190,23 | 5.67 | 50,96 |, — — 13 88 1e, 72 27, 142716 
too + Bo —"|103,17 | 197-47 | 5-70 | 50,64 em || REPRISE 
79 — 104,48 198,74 82 50,32 | * . 2 294,79 | 388,12 6,67 25,77 2578 i 
78 — [105,82| 200,04 | 5,7 | 49.99 | > 2 2 — 305,71 | 399,09 6,62 25,06 22307 
77 — 108,19 201,39 | 5,80 | 49,65 12 317,47 | 410,89 [6,58 | 24-34 | >2435 | 
76 — [108,60| 202,76 | 5,84 | 49,32 BL. Fun 18 52] 23, 61 | „2352 
CVTVTTTVc !!!!!! 
74 W 111,53 205,64 | 5,89 12105 . > 497997 1 358,87 452,48 6,39| 22,10 | ,2211 
73 — [113-05 | 207-13 | 5-92 | 48,2 — or © Jo 375-18 | 468,83 |0,35| 21,33. 
Len wi * . ger 2 4 21 . 393-05 | 486,77 528 20,54 | »2055 | 
E 71 _— [110,25 | 210,20 | 5, £ f — — — — XI ITY | 
100 + 70 —|117,91| 211,88 | 6,03 [47,19 i 
— 119,62 213,55 | 6,07 | 46,82 | 19 27803 : 77 552,52 6,03 18,10 | ,1811 
68 — 121,38 215,27 | 6,11 | 46,45 — 435.53 579-59 [5-94 | 17-26 | 1726 
67 — 1123,19 217,06 | 6,13 | 46,0 1 2 — | 515,87 | 610,02 885 16,40 | 1640 | 
r 
Too + 65 — 128.96 | 220,78 | 6,20 | 45,30 m 
7 You 128,96 | 222,73 | 6,23 44,90 1 22 2 $24.00 729,43 548 13,71 1372 
63 | — 131,01 224,74 6,27 44249 | be, Ek 687,84 B 782,47 5737 12,78 51279 
= n 11],98562| — 28237 4.124 44434 
61 55|_— [135-31 228,97 | 0,34 } 43,07 119. = 72 920,30 5,10| 10,86 | ,1087 
100 + 60|,95216| — 137,55 231,19 | 6,37 43.2 100 + 10 2 $ — | 917,12 | 1012,18 [4,94 | 9,88 | ,o988 
5 — 139,89 233-49 | 6,40 | 42,83}, 3] 58882 — | 1031,76 1126,98 [4,78 | 8,87 | ,0858 
: — ppl ene 5% — | 1179.15 | 1274-54 4.61 | 7,84 | 078; 
pies — ſugke) obey [647 [avg F 
5 — [147,39 15d. þ v2 , , — 4,26 * 41 
[100 + 55 95527 — [150,07 | 243-52 | 6,55 | 41,06 * 12 ud — 9 28 * "= 0463 
54 — {152,84 | 246,27 | 6,57 | 40,60 41-993 2 — | 2751,34 | 2847,43 [3-91 3-51 | ,0351 
7 2 ie yaa xc 629 ng | 2| 9968; — | 4127,00 | 4223-27 13-73} 237 — 
| — , 7 1 _ | , 01 
; 5.95774 — 161,84] 255,19 | 6,65 | 39,18 . 13-677 Hal: 
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f war by | gravity. | by 1 


I. u. w. 


Mi} 

Bulk of Di 
. + n 
: £4 + k 


_ 
* ö 
n 3 
bo * 
_ 
223 * { 
F . 5 
* . 2 
0 14 
a * By 


E 


* 
| | | 
N : 4 * 
1 5 
5 - 


4 


1113]. 


L ; 
5 : $2 


113895 
138,3 
439,51 
14,29 7. 


141.07 - 


45-38 


141,80 
142,64 
| 143-42 3.50 
| 14421 | 
_144-99 | 


| 146,56 


| 147»35 | 


148, 13 


r. 


| 145-78 [3 


2149,71 
150,50 95 
151,28 399 


| 152,07 | 


152,85 


ieee 


154,2 
155,21 


153,04 by 


150.00 
156,79 


©\| < 
E 
hk 


LEE 


| #57-58 [4 
158,37 
2 | 159,16 4 


159,95 


160,74 . 


O 
> 

i.) 
wa 


*"Y 
25 
» wi 
mn N 


-EL414H1-1ET-t 


— 


| 163,11 
| 68.47 | 16290 + 


161,53 


162,32 


164 70 


165,49 
160, 29 


| | .66 
| 169,08 4. 
I 


67,87 


168,66 | 


170, 25 
171, 
| 171,84 
172,64 


| 258,34 


100| 165,00 
— | 168,37 | 201,68 
— | 171,87 | 265,16 
— | 175,53 | 268,80 
9005 |_— |_179-35 | 272-59 
100 — | 183,34 276, 56 
ning; 8. | "YE, — 4 3 
| 88;71 | — | 191,86| 285,05 
1 | Fa i ,43 | 289,60 
19 — | 201,21 | 294,38 
-— | 206,25 | 299,42 
| — | 211,54| 304,71 
a — 217, 10 310,28 
— — 222,97 316,15 
— — 22222235 
— — | 235,71 328,90 
_ — | 242,65 | 335-54 
— — | 250,00| 343,21 fe 
. — 257.81 351,04 [6 
— — 275,00 308,28 2 
14 — 284.48 377-79 
— [1 — 294,64 387,99 
I*| — | 395-56 | 398,95 
ay — | 31731 |_ 419»74 
— — 33,00 423,48 
— — | 343-75 | 437-29 
gy — | 358,70] 45231 
— — 375,0 468,04 
— — 392,86 486,58 
— — | 412,50| 506, 29 
— — 1434.21 528, o8 
— — 459,33 _—_ 
— — 185,29 5379-34 
— PA 7 2 609,76 5, 86 
— — 58,00 64425 
— — | 634,61 | 729,10 
— — 687,50 782,11 
3 — eie 
— 4320 | 758 + 10 — 325,00 919,87 
Fn — | 916,67 | 1011,70 
— — 1037,25 1126, 4 [4,81 
ow — | 1178,57 1273, 92 
— — | 1375,00 | 1470,52 [4.45 
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Mr. Gurm's Tables 


HEAT 619. 


g 
VIII. 


multi- 


— —— 


Decimal spirit and | 


| pliers. |} 


-| 


CE CEE 
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7413 6 


7371 


7329 


7286 


. 


—— 


= —_— 


TABLE II. 


Water and 


1 


W. + Sp. 


= 10 + 95} 


for Spirituous Liquors. 
HEAT 619. 
1 4 «i 
E VIII. I. III.] Iv. 
Specific Deci mal Water and | Specific 8 ric] Water 
gravity. | multi- spirit by | gravi b by 
1 weight. measure 
Sure. | 
= 5 | X | 
92961 100 5634 00 + 5 100 164.92 258,28 
91593010 — „5609 91958 34 — 1 8,29 261,62 
9893059 — „5583 4895898 — [171,78] 265,10 
9793108 — 60,5557 9595 — | 175,44 268.73 
9693152 — 25531 N 96026 — | 179,2 272,52 |6 
93200 — 55 4 190 + 45|-90090| — | 183,25 | 276,49 
93255 — 5477 96154 — | 187,41 | 280,63 6 
93304 — | »5450 96217 — | 191,76| 284,97 | 
2193353] — 25 | 54221} 2.96281 — | 196,33 | 289,52 
,93402| — 97 | -5394N}__ 41,5344 — | 201,11 | 294,30 
93452 — 5 366 loo + 40|,99408, — | 206,15 | 299,34. 6 
9 —. 53371 3996471 — | 211,43| 304,62 
88] -93554| — 5308 96535 — | 216,99 | 310,19 
8793605 — 15279 96598 — | 222,36 316, 06 
293057] — 249 30696662 — | 229,06| 322,25 
93709 — | 5219 100 + 35,9725 — | 235,59 | 328,79 
93762 — 551891 | 96791 — | 242,53 335,73 
93915] — 11.5158 | _ 33|-960855|] — | 249,88| 343-10 | 
938 4 | 55127 . 290920 . 257,68 350,93 6 
81.2322 — 39.1.2528 —. 266.00 3592254 
0193979 — „5063 o + 3097051 — | 274,86 368, 16 
94034 — 5030 22997117 — | 284,34 377-65 
94089 — 4098 2897185 — 294,50 387,85 
8145 — 259 97252 — | 305,41 | 398,80 
294201] — 4931 } +97 320| — |__317-15 |_ 410,58 
5194257] — 4897 $100 + 25|,97389; — | 329,84 | 423,32 
741594313] — 48602] _ 24139 — | 343-58 | 43712 
31 294309] — 48271 97532 — 358,52 452,13 
294427 — 4791 975 — 37482 468,45 6 
294484] — 4256 297679 — | 392,67 | 486.38 |6 
»94540] — | >4719 oO + 20|,97755| — | 412,30 | 500,08 
94599 — 4682 97832 — 434.00 527,86 
94659 — 445 9791 — | 458,11] 552,05 
2947 19] — 4607 iN 97992 — | 485,06| 579,09 
66.947791 — +4568 | 8076 — | $1537 | 609,50 |5,8 
94839 — 4529 F100 + 15|,98162; — 549.73 6439757 
64.948990 — | >4489 98251 — | 589,00 | 683,36 
63] 94991] — 449 98343 — 634.30 728,77 
295922] — 24499 98440 — | 687,17| 781,76 
295083] — 4307 Þ__ 28539 — 242.64 | 84430 |5- 
95145 — 4325 loo + 10|,98642| — | 824,60 | 91945 
95207 — 4283 9.987500 — 916,23 1011,23 
95270 — 4240 8.98862] — 1030,75 1125,91 
95333 4796 7989810 — 1178,00 1273-32 
6.25395 — 451 69 105 — | 1374-34 | 1469,82 
954583 — | 4106 ico + 5],99234| — | 1649,21 | 1744,86 
9552 4060 4.993710 — | 2061,51 | 2157,33 [4 
95583 4014 _ 3|-99515] — | 2748,67 | 2844.66 
95645 3966 299666 — | 4123,01 | 4219, 16 
95707 255,08 3918 199825] — | 8246.02 8342,33 
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Mr. Gitem's Tables 


HEAT 629. 


— 
VII. VIII. 


I. III. 
Quan- | Decimalſſ Spirit and | Specific — 
tity of multi- water by | gravity. | 


spirit pliers. 1 weight. | mea- 
er cent, 4 Fs sure. 
Bp. TW. I 

100,00 | ,9988 [100 + 5089617 100 
— _ 99-29} 9918 518977 — | 
— 98,58 9848 52] -89796| — | 
_ 97,880,978 5389883 — 
Exon _97+19|_:9799}Þ____ 541239969) —_ 


96,51] 984% + 55 
95-33 | 9573 
95-16] 9505 
94-59 | 59440 
23.842224 
| 93-19] 9309 
92,55 9245 
97,91 9181/0 
91,28 9118 | 
| _9g0,66 59056 | 64 »90765| 
957 
89,44 
88,84 | 
88,25 
87,66 
87,08| , 
| 86,51 | 6 
| 85,95 | 
85,39 
| 84,84 | 
| 84,29 
83,75 | ,836 
83,22 
82, 69 
82,17 
81,65 
81,15 
80,65 
80, 15 
_2:48 | 79:65 
2,534 | 79417 
78,69] 
78,22 
7775 
77,28 
2, 80 76,82 
5 76, 37 
| 7592 
75-45| 
9 |_7504|. 
3.08 74,00 
74417 
3-14 | 73-75 
735,33 
| 72,91 
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for Spirituous Liquots. 
TABLE IL. : HEAT 629, 
—— — — — 1 | pon — Wa | = 7 
| = | II. un IV. V. VI. VII. VIII. I. 1 II. in. IV. | V. VI. | VII. 
Water and | Specific Spirit Water | Bulk of |Diminu-| Quan- Decimal Water and | Specific |Spirit| Water | Bulk of |Dimi-| Quan- [Decimal 
spirit by | gravity. | by | by mixture. | tion of | tity of multi- spirit by | gravity.| by by | mixture. |nuti-| tity of multi- 
wei : mea- measure bulk. | spirit | pliers. weight. mea-] measure. on of | spirit pliers. | 
4 sure. 1 | I ber cent. | Isure. bulk. per cent | 
W. + Sp.. E 1 No 2 | W. + Sp 5 | 
100+ 100] ,92920| 100 82,42 177,36 | 5,06 | 56,38 ooo 100 + 50|,95737] 100| 164,84 | 258,23 [6,61] 38,72 | .3868 
—— — 83.25 178,17 | 5,08 | 56,12 56061 4995800 — | 168,21 | 261,56 [6,65 38,23 3819 
9893018 — 84, 10] 179,co | 5, 10 55.87 55 4895865 — [171,0 265, 04 6,65 37,73 | 3769 
92793066 — 8494 179,84 | 5,10 | 55,60 | ,5554 47.959290 — | 175-35 | 268 167 [6,68 | 37,22 | +3718 | 
2593116 — |. 85,85 | 180,69 | 5,16 | 55-34 | 5528 46| 95993] — 179.12 |_272:46 [6,71 | 36,70 | 3666 | 
100 + 95|,93164) — | 86,75| 181,56 | 5,19 | 55,08 550100 + 45|,96058| — | 183,16 | 276,42 [6,74| 36,17 36134 
| 9493213 — 87,68 182,45 | 523. | 5481 | ,5474]} 4496122 — | 187,32 | 280,56 [6,76] 35,64,| · 35614 
931 -93262| — 38,62 183,37 | 5,25 | 54-54 | +5447 43.961860 — | 191,67 | 284,90 [6,77 | 35,09 | 3506 |. 
9293311 — 89,58 184,30 | 5,28 | 54,26 | ,5419 42| 96250] — | 196,23 | 289,45 [6,78| 3454 | »3451 
2193350 — | 90-57 | 185,26 | 5.31 | $398 | »5391 41] 96313] — |_201,01 | 294-23 [6,78| 33,98 | -3395 | 
100 + 90.934111 — | 91,58| 186,24 | 5,34 | 5370 | »5303}Þ10 + 40 — | 206,05 | 299,26 [6,79| 33,41 3338 
8993461 — 92,61 187,24 | 5,37 | 53-41 | 5335 39 — | 211,33 304.53 6,80 32,84 | ,3280 | 
88,935 12 — | 93,66| 188,26 | 5,40 | 53,12 | „5306 38 — | 216,89 | 310,10 6,79 32,25 | 3221 | 
 871,93564| — | 94.74 189.30 | 5-44 | 52,82 | 5277 37 — | 222,75 | 315,96 6,79 31,65 | 3161 | 
85293516 — 95-84 | 190,37 | 547 |} 52-52 | »5247} 36 — |_228,95 | 322,15 |6,80| 31,04 | ,3100 | 
100 + 8593669 — | 96,97 | 191,47 | 559 | 52,22 | 5217100 ＋ 35 — | 235,48 | 328,69 6,79 39,42 | 3039 
844.9372 — | 98,12] 192,60 | 5,52 | 51,92 | ,5187 34 — | 242,41 | 335-62 6,79 29,79 | 2977 
83 . KH — 99,30 193,75 5.55 51,62 ,5156 --3J — | 249-70 343,00 6,76 29,15 | 2913 
| 82],93830| — 100, 51 194,93 | 5,58 | 51,31 | ,5125 32 — | 2575 350,82 [6,74 | 28,50 | 2847 
8193884 — [101,75 196,13 | 5,02 | 50,99 | „50934 31 — | 205,87 | 359-15 6,72 27,84 | 2781 } 
100 + 8093940 — 103, 2 197,37- | 5,65 | 50,67 | ,5061 [100 + 30 — 274.73 368,03 6,70 27,17 | 2714 
7993995 — 104, 33 198,64 | 5,69 | 50,34 | „5028 5 29 — | 284,20} 377,52 668 26,49 | 2646 
78|,94050| — 105, 66 199,94 | 572 | 50,01 | ,4990 28 — | 294,36 | 387,70 |6,66| 25,79 | 2576 
| 7794105 — 10), 3 201,29 | 5,74 | 49-68 | ,4962 27 — | 305,26| 398,65 [6,61] 25,09 | ,2506| 
_ 76},94162} — [198,44 | 202,66 | 5,78 | 49,34 | 4929 26 — | 317,00| 410, 426,58 24,37 | 2434 
100 + 7594218 — 109,89 | 204,08 | 5,81 | 49,00 | 4894100 + 25 — | 329,08 | 423,16 6,52 23,03 | „2360 
7494274 — 111,37 205,53 | 5-84 | 48,66 | ,48 24 — | 343-41 | 436,95 6,45 22,88 | ,2286 | 
73194330} — 112,89 207,03 | 5,86 | 48,30 | ,4825 23 — | 358,35 | 451,95 6,40 22,13 | ,2210 
72] 94388] — [114,46 | 208,57 | 5,89 | 4795 | 478g 22 — | 374-04 468,266, 38 21,35 2133 
71] ,94445 w_ 116,07 210,14 | $»93 | 4759 | »4754] 21 — | 392,4 486,18 6,30 20,57 | »2054 
100 + 70] ,94.302| — [117,74 | 211,77 | 5.97 | 47-22 | 4717100 + 20 — | 412,10| 505,87 6,23 19,77 | 1974 
69] ,94561| — [119,44 | 213,44 | 6,00 | 46,85 | ,4680 19 — | 433-79| $2764 |6,15| 18,95 | 1893 
68,94621 — 121,20 215,10 | 6,04 | 46,47 | 4643 18], — | 457-89| 551,82 |[6,07| 18,12 | ,1810] 
67] ,94681| — 123,01 216,94 | 6,07 46, 10, 4605 =O — | 484,83 | 578,845.99 17,28 | ,1726 
| 66] ,94741| — 124.88 218,77 | 6,11 | 45,71 | 4566 16 — 515,12 9,24 |5,88| 16,42 | ,1640 | _ 
100 + 65|,94801| — 126,80 220,65 | 6,15 | 45,32 | ,4527|[100 + 15 — | 549,47 | 643,69 |5,78| 15,54 | 1552 | 
64] ,94862| — 128,77 222,60 | 6,17 | 44-92 | 4488 14 — | 588,72 683, 065,66 14,64 | „1463 
63|,94924| — [130,81| 224,01 | 6,20 | 44.52 | ,4447| 1 — 34.00 728,445.56 13,73 | 1371 
| 62] ,94985|} — 132,92 226,70 | 6,22 | 44,11 54407 — = — 686,84 781,41 5,43 12, 80,1278 
61.950460 — 135 ˙1 228,84 6,27 43-70 »4305] 11 — 2724.28 843.98 6.30 11,85 1184 
100 + 650795 109] — [137,37 | 231,05 | 6,32 | 4328 -4323] [700 + 10 — | 824,20 | 919,03 5,17 10, 88,1087 
* $9],95171| — [139,69| 233-35 6,34 42,86 4281 9 — 915,79 1010, 75,3 9,89 | ,0987 
5895234 — [142,09 235-72 | 6,37 | 42,42 4238 8 — 1030, 261125, 38 [4,88 8,88 | ,0888-] 
5795297 — 144,59 £3513 | 0,41 | 41,98 | 4194 _ — | 1177,44 | 1272.72 72 7,86 | ,0785 | 
95359 — 142.18 242,72 | 6,40 | 4154 | 4142. 6 — | 1373,08 | 1469,12 [4-56] 6,81 | ,o680 
100 + 55],95423] — 149,85 243-37 | 0,48 | 41,09 4104100 + 5 — | 1648,42 | 1744-03 4.39 $573 | »0573 
5495486 — 152,61 246,10 | 6,51 | 40,63 | „4058 4 — | 2060,52 | 2156,29 [4,23] 4,64 | ,0463 
53 195548 — [155-49] 248,90 | 9,53 | 40-16 | „4012 3 — | 2747535 | 2343-29 4.06 3,52 | 0351 
52966100 — 158,48 251,94 | 0,54 | 39-69 | ,3965 2 — | 4121,03 4217, 123,91] 2,37 | ,0237 
. 511,95 67 31 — 101,60 255,02 | 0,58 | 39,21 { ,3917 I — | 8242,00 8338, 30 [3,76 1,20] ,0120| 
MDCCxCIV. 


III. IV. V. VI.] VII. VIII. 
Spirit Water | Bulk of |Dimi-} Quan- vu, 
Y | by | mixture. |nuti-| tity of | multi, | 
mea- | measure. on of | spirit | pliers, 
sure. bulk. per cent. | 
1 0 e ONS 6 e 
82 „ my 2 a | 1 
582357 100 100, oo 100] 41,19 | 137,92 3,27 72,51 | 7238 
, 2589] — | ©,82 | 100,72 | — | 42,01 | 138,70 [3,31] 72,10 | ,7198 
228180 — | 2:65 | 101,44 | — | 42,84 | 139,48 3.36 71,69 | 7158 
83035] — | 2:47 | 102,16 — | 43-66 | 140,26 3,40 71,29 | ,7117 
83250] — | 3.30 | 102,89 | — |_ 44-48 | 141,04 [3-44| 70-90 | ,7078| 
»83457] — 103,62 | — | 45,31 | 141,82 3,49 70, 51 ,7039| 
83661 — 104,35 — | 46,13 | 142,60 |3,53| 70, 13 ,7001 
83860 — 105,09 — | 46,95 | 143-38 [3-57 | 09-74 | 6962 | 
84054 — | 0,59 | 105,83 | — | 47-78 | 144-17 3.51 69.36 | ,6924 | 
84243 — |_7:42 | 106,57 — | 48,60 | 144 95 [3-65 | 68,99 ,6886 
84426 — 8,24 107,31 — | 49,42 | 145,73 3.09 68,62 | 0850 | 
584607 — | 9,06 108, oy — 2. des — 08,25 '6813 | 
84783 — | 9.89 | 108,80 | — | $1,07 | 147,31 3.76 67,89 | ,6777 | 
84955 — 1% 1109,55 — 57,89 | 148,09 3.807,53 6741 
851244 — | 11,53 | 110,30 — | $2,72 | 148,87 3.85 67,17 | ,6705 
85288 — | 12,35 | 111,05 | 1 — 53.54 | 149,66 3, 88 66,82 | 0670 
85451 — | 13,18 | 111,80 | 1 — 54.37 | 150,45 3.92 66,47 | ,6636| 
85609 — | 14,00 | 112,56 | — 55.19 | 151,23 3.96 66,12 | ,6601| 
585760 — 14.82 113,311 — 56,02 152,02 [4,00 65,78 6567 | 
85919] — | 15,65 | 114,07 | — | 56.84 | 152.80 [4-04 | 65-44 | 0533 
86069 — | 16,47 | 114,83 — | 57,66 | 153,59 4,07 65, 11 ,6500 
86217] — | 17,29 | 115,58 | — | 58,48 | 154,38 4. 100 04,78 | ,0467 | 
863610 — | 18,12 | 116,34 — | $9231 | 155-17 |414| 04-45 | 434 
86503 — | 18,95 | 117,10 — | 60,13 | 155,95 |4,18| 64,12 ,0401 
86642| — | 19,77 | 117,87 | — | 60,96 | 156,74 4.22 63,80 | 6309 | 
86779 — | 20,60 | 118,63 | — | 61,78 | 157,53 4.25 03-48 „0337 
869144 — | 21,42 | 119,39 | : — | 62,61 | 158.32 4,29 63,16 | ,6305 
87045 — | 22,24 | 120,16 — | 63,43 | 159,11 [4-32 62,85 „62744 
87170 — | 23,07 | 120,92 | — | 64,26 | 159 90 [4,36] 62,54 | „6243 
87304 — | 23,39 | 121,69 | — | 65.08 | 160,69 4.39 02,23 | 0212 
87430 — | 24,71 | 122,46 | — | 65,90 | 161.48 4.42 01,93 | 0182 
87553 — | 25,53 | 123,22 | — | 66.72 | 162,27 [4,45| 61,63 | ,0152 
,87670| — | 20,30 | 123,99 | — | 67,55 | 163,06 4.49 61,33 | 0122| 
87797 — | 27,18 | 124,76 — | 68,37 | 163,85 4.52 61,03 { _ 
87915] — | 28,01 | 125,53 — | 69.19 | 164,65 [4,54| 00,74 | ,6063| 
,88030| — | 28,83 | 126,30 | — | 70,02 | 165,44 4.58 60,45 | 0034 
88145 — ks * — | 70,84 | 166,23 [4,01 60.16 | ,boog 
88257 — | 30,48 | 127,84 | — 71,67 | 167,03 [4,04| 59,87 5977 
588367 — 31,30 128,62 | — 72,49 167,82 4-07 | $9-59 5949 
„88475 — 32,13 129,39 | — | 7332 | 163,61 |4,71} 5931 | 5921 | 
88582 — | 32,95 | 130,17 — 74.14 | 169,41 4,73 59-03 | 8893 
88688] — | 33,77 | 130,94 — | 74,96 | 170,20 4.76 58,75 | 58 0 
88793] — | 34,060 | 131,71 | — | 7579 | 170,99 (4.80 58,45 | 5838 
,$88896| — | 35,42 | 132,48 — | 76,61 | 171,79 (4.82 58,21 | 5811 
88998 — | 36.25 | 133-26 — | 7743 | 172-58 14-85] 57-94 | +5755] 
,890g6| — | 37,07 | 134-03 — 78,25 | 173-37 4.88 57,08 | 5759 
689195] — | 37,89 | 134-81 — | 79-08 | 174,15 14-93] 57:42 | +575" 
89292 — | 38,71 | 135,58 — | 79,90 | 174295 4.95 5710 728 
89386 — | 39:54 | 136, 30 — | 80,72 | 175,75 497 50,90 | »5 — 
89479 — | 40.36 | 137,14 — | 81,55 | 176,55 [5,00| 56,64 | 655 


TABLE II. 


"———— 


for Spirituous Liquors. 


HEAT 639. 


VIII. ] I. 


a 3 V. 
i | Bulk of - [Decimal|| Water and Water | Bulk of 
gravity. | by mixture, multi- | by mixture. 
. | phers. | measure 
Ns 3 | 2. 
W. + Sp _ + 1 | 
1004+ 100 177,34 55629 [100 + 50 100 164,76] 258,17|6,59 
— 178,97 5578 — | 171,62| 264,98 6,64 
* 179,81 5552 — 175,27] 268, 6106,66 
— 180,66 5 8526. — |_179-09| 272,40 
100 + 95 — 181,54 5499 100 + 45 — | 183,07] 276,36 
"Il — 182,42 547214 4 — 187,23] 280, 49 
— | 183,34 | 545 — | 191,58] 284,836 
— 184,27 5 6 5417 | — | 196,14] 289,38 
re 185,24 [ »5389 I 9 — |_ 200,92] 294,15 
100 + 95 — 186,21 25361 00 + 40 — | 205,95| 299.18 
8 — 187,21 53331 | — | 211,23] 304-45 6,78 
— 188,23 | 55 3044 — 216,79] 310,01 
25 659 189,27 3 5275 — 222,64] 315,87 6 
* 190, 35 5245 3659 — 2238,84 322, oh 6 
100 ＋ 85 — 191,45 „5215 00 + 35 — 235,37 328,59 
5 — 192,57 5185 — | 242,30] 335,52 
ow 193,72 125154] — | 249,04| 342,90 
— 194,90 | 5,56 1 | ,5123| — 257.4 350,206 
— 196,10 | | 25091 — | _205,74|__359-03 
100 + 80 — 197,34 5059 ioo + 30 — | 274-60] 367,90 
5 198,51 „5026 — 284.06] 37739 
— 199,91 49944 — 294.22] 387,56 ſe 
— 201, 26 4900 — 305, 11] 398,50 
— 202.63 222. 9 — | 316,85] 410,27 
100 + 75 — 204, 4892 00 + 255 — 329,52 423,00 6,52 
— 205, 50 66 48580 — | 343-25] 436,78 6,47 
— 206,99 48230 — 358,18] 451,77 
N — 208,54 8 4787 — 374.46] 468,08 
— 4 — 210,11 5 4752 — 392,29] 485,986, 
100 ＋ 70 — 211,73 | 4715 ioo + 20 — | 411,90] $05,66 
2M — 213,40 4678 19.9780 — | 433,58] $2742 
— 215,12 | +4041 18] 97879} — | 457-07] 551-59|0,08| 1 
i — 216,90 4003 — 484. 578,59 
: — 218,23 4854 — |__514-88|__ 608,98] 
100 + 65 — 220,61 „4525 100 + 15 — 549,21 643,41 
6 — 222,56 | 6 4486 — 588,44] 682,76 
— 224,57 4445 — | 633,70] 728,12 
— 226,65 „4405 — | 686,51] 781,00 
3 — 228,79 »4303 — . 28.92 843,60 
100 + 60 — 231,00 4321 [100 + 10 — 823,81] 918,61]: 
_ 233-30 24279 9 —"| 903-35] 000g 
— 235,67 4236 8 — 1029,77 1124,86 
— 238.13 4192 1 — 176,88 1272,12 
— — 240.67 4148 6 — | 1373,02| 1468,42 
100 + 55 — 243˙32 4103 5 — | 1647,63] 1743,20 
— 246,05 4057 4 — 2059.53 2155,26 
— 248,90 4011 3 — 2746,03 2841,93 
— 251,88 3964 2 — 4119,06 4215, 10 
— 254,90 3916 I — | 8238,12| 8334.30 
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Mr. Gil pin's Tables 


HEAT. 642. 
I. II. III.] IV. V. I VL. I In . . HE} IV. . 
Spirit and Specific Spirit Water | Bulk of Diminu- Quan - Decimal II Spirit and Specific $ irit] Water Bulk of |Dimi 
water by | gravity by { mixture. | tion of | tity of | multi- water by | gravity bh - -- by mixture, 
weight, mea- . bulk. spirit | pliers. weight. mea- measure. 
TY zure. | per cent. | sure. 
bp. + Wl [ 
100 — | 100,00 | — 100, 0 ,9977 100 + 50, 89525 100 41,17 | 137,91 [3,26] 72,51 ,7235} 
— 0,82 100,72 0,10 99,29 » | 51 589616 — 41,99 138, 69 3.30 72,10 7194 
| 9836 5289705 — | 4282 | 139,47 3.35 77,70 7154 
1 2766 [ 338979 —| 2 140,25 3,39 7130] 7114 
oY 2528 541239879] — . 141, [3-43]_70-91 | ,7075| 
* 9629100 + 55 5 — | 45-29 | 141,81 3,48 70,51 7035 
* 9562 55 — 4255 142.39 [3-52] 79-13] 69974 
— 9495 5290132 — | 40,93 | 143-37 3˙56 59,74 6958} 
—| 8 0 9429 58.902144 — | 47-70 | 144,16 3,50 69,36 „6921 
|_—_|_7-41 |_106,56 | 0,85 | 9384 | ,9363 5929293 — | 4858 | 144-94 [3-04| 68,99] 688; 
100 + 10| 84379} — | 8,24 |-107,30 | 0,94 | 93-20| ,9298|[100 + 56,9037 — | 49,40 | 145-72 3.58 68,63| ,6346 
11.845500 — | 9,06 | 108,05 | 1,01 | 92,56| ,9234  61[,90450] — | 50,22 | 146,51 3,71 68,26 ,680g 
12] ,84736] — | 9.88 108,79 1,09 | 91,92| ,9171 62],90527] — | 51,05 | 147,29 [3,76| 67,89 6773 
1384903 — | 10,70 | 109,55 1.15 91,29 ,9108 63]-g0602| — 51,87 | 148,08 [3,79] 67,54 | 6738 
14485076 — | 11,52 | 110,29 | 1,23 90,67 ,9046| 6490677 — | 52,69 | 148,86 3,83 67,18 ,6702 
100 + 15|»85241} — | 12,35 | 111,05 | 1,30 | 90,05 | ,8985 f + 65|,90751] — | 53,52 | 149,65 [3,87| 66,82| ,6667 
5 1685403 — | 13,17 | 111,80 | 1,37 | 89,45| ,8924]h + 66|,90825| — | 54,34 | 150,43 3,91 66,47| ,6632 
17|-85502] — | 14.00 | 112,56 | 1,44 | 88,85 | ,8864 67.908970 — | 55,16 | 151,22 3.94 66,12| ,6598 
18185719 — | 14,82 | 113,31 | 1,51 | 88,26] „8805 68] ,90970] — | 55,99 | 152,00 3,99 65,78| ,6564 
19.885872 — | 15.64 | 114,07 | 1,57 | 87,67] 8747} 6991041 — | 56,81 | 152,79 4.02 65,45| 6530 
100 + 20| 86022] — | 16,45 | 114,82 | 1,64 87,09 „8689 100 + 70|,91110] — | 57,63 | 153.58 4,05 65,11| ,6496| 
| 21.861700 — | 17,29 | 115,58 | 1,71 | 86,52| 8632 7191180 — | 58,45 | 154,36 [4,09] 64,78| „6464 
___ 22|þ-86314| — | 18,11 | 116,34 | 1,77 85,95 8576] 72] 91247] — | 59,28 | 155,15 [4,13] 64.45 | 6431 
8 231-86456| — | 18,94 | 117,10 | 1,84 | 85,39] ,8521 73|»91314| — | 60,10. | 155,94 4.16 64,12| ,6398 
| _ 24] 86596} — | 19,76 | 117,86 | 1.90 | 84,84| ,8465 74|91380| — | 60,93 | 156,73 4.20 63,80| ,6366 
100 -+ 25| 86732] — | 20,59 | 118,63 | 1,96 84.29 „8410100 + 75|91444| — 01,75 | 157,51 (4,24 63,48 „6334 
2686868 — | 21,41 | 119,39 | 2,02 | 83-70| 8356  76[,915 10 — | 62,58 | 158,31 4,27 63, 7 6302 
_ 27|»86999] — | 22,23 | 120,16 | 2,07 | 83,23| ,8303 77| 91572] — | 63,49 | 159,09 [4,31] 62,85 ,6271 
28| 87130] — | 23,06 |-120,92 | 2,14 82, 70,8250 78.916351 — | 6423 | 159,88 4,35 62,54 6240} 
1 29| $7258 — | 23,88 | 121,69 | 2,19 | 82,17| ,8198 7991698 — | 65,05 | 460,68 4.37 62,23 46209] 
100 T 3087384] — | 24,70 | 122,46 | 2,24 81, 66,8148 100 + 80,9759 — | 6537 | 161,46 4,41 61,93| 0179] 
T2 3 — 25.52 * 2,3081, 16,8097 81.918190 — | 66,69 162,25 4.44] 61,63 0149 
32] 87630] — 26,35 | 123,99 | 2,36 | 80,66| ,8047 | $2|,91879] — | 67,52 | 163,04 [4,48] 61,33] 6119 
33] »87751| — | 27,17 | 124,76 | 2,41 | 80,16| ,7998] 83191938 — | 68,34 | 163,84 [4,50] 61,03 ,6089 
3482869 — | 2799 | 125,53 | 2-46 | 79-06| 7949] 8429960 — 9216 r 60,74 7 — 
100 „87984 — | 28,82 | 126,30 2,5279, 17 7901 + 85 — | 69,99 | 165,42 4.57 60, 45 6031 
T - 83099 — | 29,64 | 127,07 | 2,57 | 78,69| 78524 86] — | 70,81 | 166,21 4.60 60,16| ,6002 
| 37588211 — | 30,46 | 127,83 | 2,03 | 78,22| ,7805| 87] — | 71,64 | 167,01 [4,63] 59,88] 5974 
| 38.88 321 — | 31,29 | 128,61 | 2,68 -| 77,75| 7758 88 — | 72,46 | 167,80 4,66 59, 5940 
39 88429 — | 32,11 | 129,38 | 2,73 2229/2211 89 | vw] 73-28 | 168,60 4-08 59,31] 5918 
100 + 40] 885 36| — | 32,93 | 130,16 | 2,77 | 76,83| 7666100 + go — | 7411 | 109,39 4,72 59,03| 5590 
41] 88642] — | 33,76 | 130,93 | 2,83 | 76,37 7620 91 — 74.93 170,18 [4,75 58,76] 2 
42] 88747] — | 34-59 | 131-70 2,89 75.92] 7570 92 — | 75-78 | 179-97 [4-79] 58-49] -523 
| 43] 88850} — | 35,41 | 132,47 | 294 | 7549| 7532 93 — | 70,57. | 17177 4.80 5 0 2 
| 44088952 — | 36,23 | 133-25 |. 2.98 | 75,04 | 7488] 94 — 2232 |_172-56 14-83]_57-95 |_»57%2 
100 + 45| 89051] — | 37,06 | 13402 | 3,04 | 74-01| ,7444}190 + 95 — | 78,21 | 173-35 [4,86] 57,08] 5755 
| 46| 89150} — | 37,87 | 134,80 | 3,07 74187401 g6 — | 79-04 | 174-13 [491] 57,42 25730] 
47.892460 — | 38,69 | 13557 | 312 73.767359 97 — | 79,80 174,93 4.93 57-1 +5704 
48] ,89340| — | 39-52 | 136,35 | 3-17 | 73-34| 7317] 98 a | 80,68 | 175,72 4.96 56,90 285 | 
| 491:89433] — | 40.34 | 137.13 | 3-21 | 72-92| 72751 ggh-92787| — | 8151 | 176-52 [4-99] 56,65 »5652, 


for Spirituous Liquors. 

| HEAT 640. 
Im. iv. | v. | vi. | vi. vn. I. | in. u. iv. | v. [vi vu. [vi 
Spirit] Water } Bulk of indes; Quan- | Decimalll Water and Specific Spi rie] Water Bulk of [Dimi-} Quan- |Decimal| 


— 4 K — * 


by dy mixture, | tion of | tuy of | multi- spirit by [gravity.| by by mixture, | nuti- | tity of | multi- 
mea- measure. bulk. spirit | pliers. | weight. mea- measure. on of | spirit | pliers. | 
sure. | | per cent. | sure. 85 bulk. | per cent. | 


5 


| 82,34] 177,32 | 5.02 | 56,39 | ,5626 00 + 50, 95669 258,11 [6,57 | 38,74 | »3865 


100 100] 164,68 | 
— 1 83, 17 178,13 | 5,04 | 56,13 | ,5601 49.957344 — | 168,05 | 261,44 6,61 38,25| ,3816| # 
— 84.02 178,95 | 5-07 | 55-88 | 55700} 48193799] — | 17154 | 264.92 |6,62| 37,75] 3767 
— | 84.87 | 179,79 | 5-08 | 55-62 | ,5549]  47|-95863] — 175,19 268,55 [6,64| 37,24| .3716| 
— \_ $577 | 180,64 | 5-13 | 55-35 | »5523 | 46| 95929] — | 179,00 | 272.33 [6,67 | 36,72|_,3664 | 
— | 86,67| 181,51 | 5,16 | 5509 | ,5497 100 + 45|-95994| — | 182,98 | 276,29 [6,69] 36,19 ,3611| 
— | 87,60} 182,40 |. 5,20 | 54-82 | ,5469 44.956059 — | 187,14 | 280,42 6,72| 35.66 ,3553] 
— 88,54 183,32 | 5,22 | 54455 | 45442 43 96124 — 191,49 284,76 6,73] 35.110 »3504| 
— 89,50 184,25 5725 | 04,27 55414 ö 42 96188 — 196,15 , 289,31 6,74 34.56 53449 
— | 90,48] 185,21 | 5-27 399.5386 4196253 — | 200,83 | 294,08 , 3400 3393 
— 91,49 186,19 | 5,30 | 53-71 | ,5358 00 + 4096318 — | 205,85 | 299,10 [0,75 | 33,43 »3330 
— 92,51 187,19 | 5,32 | 53-42 | 5331 39] -96384] — | 211,13 | 304,37 6.76 32,86| ,3278 
— | 93-56| 188,20 | 5,36 | 53-13 | 5302 38|-96449] — | 216,69 309,92 6,77 32-27 | 3219 
— | 94-04] 189,25 | 5-39 |.52-84 | ,5273 37 99514 — | 222,54 | 31577 [077 31,67 ,3160| 
— |_ 95-75 |_190-32 |_5-43 | 52-54 |»5243 | 36|-96581} — |_ 228,73 | 32195 (6,78 |_3106| ,3099 | 
— | 96,87 | 191,42 | 5,45 | 52,24 | 5212 100 + 3596646 — | 235,26| 328,49 6,77 30,44| 3037 
— | 98,03] 192,54 | 5-49 | 51-94 | -5182fÞ 3496713 — | 242,18| 335,42 [6,76| 29,81] ,2975| 
— | 99,21] 193,69 | 5,52 | 51,63 | ,5152 33|-96780| — | 249-52 342,80 [6,72| 29,17 ,2911| 
— [100,41] 194,87 | 5,54 51, 32,5121 _ —& 32|-96847] — | 257,32 | 350,61 [6,71| 28,52| ,2846| 
— 1101,65 196,07 | 5,58 51, 05089 3196914 — | 265,61 358,92 6,69 27,86| ,2780 | | 
— [102,92| 197,31 | 5,61 | 50,68 | ,5056 100 + 30| 90982] — | 274-47 | 367,78 6,69 27,19| 2713 
— [104,23] 198,58 | 5,65 | 50,36 | „5024 29.970510 — | 283,93 | 377,26 6,67 26,5 1 ,2645 | 
— [105,56] 199,88 | 5,68 | 50,03 | 4992 28 97119 — | 294,08 | 387,42 [6,66| 25,81| ,2575 
— 106, 93 201,235.70 49,69 | 4958 2797189 — | 304,97 398, 366,610 25, 11,2505 
— [108,34 | 202,60. | 5,74 42.3141 || 2592288 — |__316,70 410,12 6,8 24,39| »2433 
— [109,78| 204,01 | 5,77 | 49,01 | ,4890 00 + 25|,97329] — | 329,36 | 422,84 6,52 23,65| ,2360| 
— 111,260 205,47 | $79 | 48,67 | 4856 24] ,97402| — | 343-09 | 436,61 [6,48] 22,90| ,2286| 
— [112,78] 206,95 | 5,83 | 48,32 | 4821 23197475] — | 358,01 | 451,59 [6,42| 21,14 2210 
— 1114.35 208,50 | 5,85 | 47,96 ,4785 | 22975500 — | 374-28 467,90 6,38 21,37] 2132 
— 115,96 210,08 | 5,88 | 47,61 | ,4750 21.976288 — | 392,10 | 485,79 [6,31| 20, 58 ,2054| 
— [117,62| 211,70 | 5,92 | 47-24 | 4713 100 + 20|,97706] — | 411,71 505,45 6,26 19,78] 1974] » 
— 119,32 213,36 | 5,96 | 46,87 | ,4676 19] 97784] — | 433-37 | $27-20 [0,17] 18,97] 18920 
— 121,08 215,08 | 6,00 | 46,49 | 4639 18] ,97864| — | 457,45 | $51,36 [6,09| 18,14| „1809 
— 122,89 216,86 | 6,03 | 46,11| „4601 17197947] — | 484,37 | 578,35 6,02 17, 29.1725 
— 124.76 218.69 | 6,07 | 45,73 | 4562 16| ,98033]} — | 514,64 | 608,72 [5,92| 16,43| ,1639| 
— [126,68| 220,57 | 6,11 | 45534 | »4523 100 + 1598120 — | 548,95 043-13 [5,82] 15,55 „1551 
— 128,65 222,51 | 6,14 | 44,94 | 24484 14|.98210] — | 588,16 | 682,46 |5,70| 14,65| ,1462| 
— 130,69 224,52 | 6,17 | 44-54 | 4444  13|-98304| — | 033-49 | 727,80 5,0 13,74| ,1371] 
— [132,80| 226,61 | 6,19 | 44,13 | ,4403 | 12] ,98401] — | 686,18 | 780, 715,47 12,81| ,1278| 
— [134,98 | 228,74 | 6,24 | 43,72 | 4362 | 11] ,98502] — | 748,56 | 843.22 5,34 11,86| ,1183 
— 137.23 230,96 | 6,27 | 43,30 | ,4320 100 + 10] ,98606] — | 823,42 | 918,19 |5,23| 10,89| ,1037| 
— 139,55 233-25 | 6,30 | 42,87 | ,4277 | 998715 — | 914.91 | 1009,83 [5,08] 9,90 ,0988| 
— 141,95 235,62 | 6,33 | 42,44 | 4234 8.98829 — | 1029,28 | 1124.34 [4:94| 8,89 ,0887 | 
— 144.45 238,08 | 6,37 42.004190 7] ,y8950] — E 1271.52 [4,80] 7,86 ,0785| 
— [147-04 | 240,62 | 6,42 41.56.4146] 61,99074| — | 137237 | 146773 [4:04|_ 0,81] ,0680| 
— [149-71| 24327 | 0,44 | 41,10 | ,4101 fſioo + 51,99204| — | 1046,84 | 1742,37 [447] $74] 0573 
— 152,45 246,00 | 6,45 | 40,65 | ,4055 4| 99341] — 2058,55 | 2154-24 [4-31] 4-04] ,0463} 
— [155-33] 248,35 6,48 | 40,18| ,qorof 3] -99485} — | 2744-72 | 2840.58 [4.14] 3.52351 
— [158,32] 251,82 | 6,50 | 39,71 | ,3963 || 2} 99036] — | 4117,09 | 4213,09 [4,00] 2,37 ,0237 | 
— 1161,44 254-90 | 6,54 | 39-23 | 3915 | 1.99795] — | 8234.20 8330,33 [3.87] 1,200 ,o120| 
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* HEAT 65. 


: F % 
| —— — — — 


TS | 1 
| 1. | mn. m. v. v. vi. [vi [vin I. u. u. 


Spirit * Specific pirit Whine | Bulk of i 2 Decimal | Spirit * Specific Spirit 
water ravity. mixture. | ti Iti- ty. | 
FR HL [R_HRBRFFTz| 
| hn ure, =D 2 . | per cent. | | | zure | 
EI LL bp. + 1 
100 + 0] 82262] 100 | — | 100,00 | — [100,00 | 29971 +5 100 
1182493 — | 0,82 | 100,72 o, 10 99,29 9900 — | 
2| 82719] — | 1,65 | 101,44 | 0,21 | 98,58| ,9830 — 
3182939 — | 2,47 | 102,16 | 0,31 97,88 9760 — 
222.82 | 0,40 | 97-19] 9691 — 
100 + 50.583362 — 4, 11 103,62 | 0,49 | — 
6! 83566] — 494 104.35 % 95,84 9556 560. 90004 — 
783765 — 376 105,08 | 0,68 | 95,17} 9489] 6790087 — 
3 8.83960 — | 6,58 | 105,82 | 0,76 | 94,50] 942314 58] 90168] — 
— 284150] 2.4 |_106,56 | 0.85 | 93.85} 9358} 59199245] — 
100 + 10] $4334 — | 8,23 107,30 | 0,93 93,20| 9293 1100 + 60 590328 — 
| 11,845 13 — 9,05 108,04 | 1,01 | 92,56| „92294  61|-90406| — | 
12} ,84689] — | 9,88 | 108,79 | 1,09 91,92 9166] 6290483 — | 
13].84861| — | 10,70 | 109,54 | 1,16 | 91,29} 9103} 63|-90558| — | 
| 14] 85629} — | 11,52 | 110,29 | 1,23 | 90,67| ,9041fiy 649533 — 
100 + 1585193 — | 12,34 | 111,04 | 1,30 | 90,05 „8980100 + 65|,99707] — 
1685355 — | 13,17 | 111,79 | 1,38 | 89,45| 8919] 6690781 — 
| 17} ,85515| — | 13,99 | 112,55 | 1,44, | 88,85| „8859 67] 9085 3] — 
18] ,85672| — | 14,81 | 113,30 | 1,51 88, 26 „8800 6890925 — 
| 1985826 — | 15,64 | 114,06 | 1,58 | 87,67| ,8742 2 60 90996 — 
100 + 20} ,85976| — | 16,46 | 114,82 | 1,64 | 87,09| „8684100 + 70| 91006} — 
21|,85123] — | 17,28 | 115,57 | 86,52 — 
2386410 — | 18,93 | 117,09 — 
_24| 86549] 19,28 | 117,86. — 
100 + 25586680 — | 20,58 | 118,62 | — 
| 26] ,86821| — | 21,40 | 119,32 — 
27] 86953] — | 22,22 | 120,15 | — 
28 ,87083] — | 23,05 | 120,91 | N 
| 2987211 — | 23,87 | 121,68 | — 
* 100 + 30,87337 — 24.69 122,45 | mw 7 
| 31|,87461| — | 25,51 | 123,21 mm 
32] -87583] — | 26,34 | 123-98 "= 
33587704] — | 27,16| 124,5 80, E _ 
34| 87822] — | 27,98 | 125,52 | 2,46 79,67 79444 8421953 — | 
; 100 + 35|,87938] — | 28,81 | 126,29 | 2,52 79,18 7896100 + 85|,92010| — | 
| 36] ,88052| — 29,53 | 127,06 | 2,57 78,70] 7848]  $86|,92066| — | 
| 371 >88164| — | 30,45 | 127,83 | 2,62 | 78,23| ,7800 8792121 — | 
" | 38] ,88274| — | 31,27 | 128,60 | 2,67 | 77,76] ,77530] 880921760 — | 
1 Sh 39 88383] — | 32,10 | 129,37 | 2,73 | 77:30 277971 89] -92230| — | 
1 100 + 40] ,8849c| — | 32,9z | 130,15 | 2,77 | 76,84| 7662100 + goj 92283} — 
| 41] 88596] — | 33-74 | 130,92 | 2,82 76,38 7616] g1[,92337] — 
F | 42] 88701] — | 34-57 | 131,69 | 2,88 | 75,93] 7572 92.923900 — 
| 43] 88804] — | 35-39 | 132-46 | 2-93 | 75-49] 7528 93192442] — | 
44| 88906] — | 36,21 | 133-24 | 297 | 75-05| +7484 _ 941+92494\_ — |__77-36 |_172,54 [4-82 57-90 | »$779 | |. 
100 + 45] 89006| — | 37,04 | 134-01 | 303 7462.744000 + 95192540] — | 78.13 | 173,33 [4,85 57,69 5753] | 
4689 104] — | 37,85 | 134-79 | 3-07 | 74-19] 73%  g9g6|-92595 — | 79.00 | 174-11 [489] 57-43 STE | 
47 8920 — | 38,68 | 139,57 3511 | 73,70 57355 97 92646 TE 79 82 | 174,90 4-92 . 5 | 
4*| 89294] — | 39-50 | 136,34 | 3-16 | 73-34] 7313 98.926960 — | 80,64 | 175,70 * 6 4 we 
401.8938] — | 40,331 137,12 | 321 | 72,93] 72720 g9g[-92745] — | 81:47 | 176,50 [4,971 56,66 | 5049) L 


for Spirituous Liquors. 


8 


TABLE II. HEAT 65. 

3 TL | 4 * 3 — 4 
„ 8: $0001 Iv. . VM. | VIE F VILE - L I. II. IV. Y. VI. VU. | VL. 
I water and | Specific [Spirit Water Bulk of |Diminu-| Quan- |Decimalſ| Water and | Specific Spirit Water | Bulk of Dimi- Decimal 
spirit by | gravity. | by by mixture. | tion of | tity of multi- I spirit by {| gravity. | by by mixture. |nut1- | tity of | multi- 
weight. | | mea- measure | bulk. spirit | pliers. || weight. Imea- measure on of] spirit | pliers. 
| sure. 1 1 | — bulk. per cent. | 
. + Sp | 95 3 4 

apr > © 100 | 82, 30 177,39 | 5,09 of ,95635| 100| 164,61 | 258,05 6, 56 38,75 | 3864 | 
99192344] — | 83.13] 178,11 | 5,01 49] »95700| — | 167,97 261,38 [6,59] 38 203815 
9892893 — | $3-98| 178,93 | 5,05 | 48] ,95765] — | 171,45] 264,86 b, 00 37, 76,3765 
97192942} — | 54:84] 179-77 | $07 47] 95830] — | 175,11 | 268.49 [6,62] 37,25 | 3714 
— | 85.72] 180.62 | 5.10 46.958960 — | 178.92 272.27 6,65 | 36,73 | 3602 
— 86,63 181,49 5,14 5494 = 7795952 — | 182,90 | 270,22 |6,68| 36, 03610 
— | 87,56] 182,38 | 5,18 44] 296027] — | 187,05 | 280,35 [6,70 — 3557 
— | 88,50| 183.29 | 5,21 43196092 — | 191,40 | 284,69 [6,71 | 35,12 | »3502 | 
— | 89,46| 184,23 | 5,23 4296157 — | 195,96 | 289,24 6,72 34,57 3447 
— | 9044! 18519 | 5-25 41.906222 — | 200,74 | 294-01 19,73| 34-01 | 3392 
— | 91,45 | 150,16 | 5,29 100 + 40] ,96285| — | 205,76 | 299,02 0,74 33»44 | »3335 
— | 92.47 | 187,16 | 5,31 3996354 — | 211,03 | 304-29 |9,74| 32,80 | 3277 
— 93.52 188,18 | 5,34 38] ,96420| — | 216,59 | 309,83 6,76 32,28 | ,3218 
— | 94-00 | 189,23 | 5,37 37| »96486| — | 222,44 315,68 6,76 31,68 | ,3159 
_ I. | 5,40 —_ 36|-96553] — | 228,62 | 321,85 [6,77 | 31,07 23098 
— | 96,83} 191,39 | 5-44 100 + 35.95 — 235,15 | 328,39 6,76 30,45 | 3930 
_ 97,99 192,51 5547 | 34 96687 — 242,07 335732 6,75 29,82 52974 ] 
— | 99,16| 193,65 | 5,50. 3396754 — | 249-40 342,70 6, 20 29,18 | ,2910 
— ioo, 37 194,84 553 3296822 — | 257,20 | 350,51 6,69 28,53 | 2845 
— 101,61 196.04 | 5:57 3196890 — | 265,49 358,81 6,68 27,87 | ,2779 
— oa, 88 197,28 | 5,00 | 160 + 30l »96959| — | 274-34 | 357,65 6,69 27,20 | 2712 
— [104,18| 198,55 |. 5,03 2997028 — | 283,80 377,13 16,67 | 26,52 | 2044 | 
— [105 51 199,85 | 5,00. 28 ,97037] — | 293-94 | 387,28 6,66 25,82 | 2574 
— 1106, 88 201,19 | 5.69 | 27 -97167|] — | 304,83 | 398,22 6,61 25,11 | ,2504 
— 08.29 202,57 | 5-72 L. 22232. — |_316-55 | 499-97 [0.58] 2439 | »2432 | 
— 109,73 203,98 | 575 4888 10 + 25 97309 — | 329:21 | 422,08 6,53 23,06 | ,2359 
— 111,1 205,43 | 5-78 2497382 — | 342,93 | 430-45 6,48 22,91 | 2285 | 
— 112.73] 200,92 | 5,81 2397456 — | 357-84 | 45141 6,43 22,15 | »2209 | 
— 1114.30 208,46 | 5,84 22 297532] — | 374-10 | 467,72 6, 38 21,38 | ,2132 
— 1115,91 210,04 | 5,87 | 2197610 — | 391,92 | 485,60 6,32 20,59 | 2053 
— 117.57 211,66 591 10 + 20 97688 — 411,52 | 505,25 6,27 19,79 | »1973 | 
— 119,27 213,32 | 5-95 | 19! ,97767] — | 433-17 | 526,99 [6,17 | 18,97 | 1892 
— 121, 2 215,04 | 5,98 | 18] ,97848] — 457,24 551,13 6,11 18,14 | ,1809 | 
— [122,83] 216,82 | 6,01 | 1797932 — | 484,14 | 578,11 6,03 17,30| 1725 | 
— [124,70] 218,65 | 6,05 | 6280180 — | 514,40 | 608.46 [5,94 | 16-44 | 1639 | 
— [126,02| 220,53 | 0,09 521 [roo + 15 ,98106| — | 548,69 | 642,85 [5,84 | 15,56 | 1551 
— 1128,59 222,47 | 0,12 | 1498196 — | 587,88 | 682, 165,72 14,06 | ,1462 | 
— [130,63] 224,48 | 6,15 1398290 — | 633,10| 72748 |5,02| 13,75 | 1371 
— 132,74 226,56 | 6,18 12983880 — | 685,86 | 780,36 5,50 12,81 | ,1278 | 
FR »94937|_—= 1134-92 228,70 | 0,22 1198489 — | 748,21 | 842,84 537 11,86 ,1183 | 
100 + 60] ,95000] — 137,17 230,91 | 0,20 98594 — | 823,03 | 917277 5,26 10,89 „1080 
59.9563 — 139 49 233-29 6,29 9 98703 — | 91448 | 1009,37 5, 11 9,91 0988 
585126 — 141,89 235,57 6,32 898818 — 1028,79 1123,82 4,97 890.0887 
5795190 — 144,38 238,03 | 0,35 7.98939 — | 117576 | 1270.93 4,83 7,87 | 0735 
5601-95254] — 14,97 240-58 | 0.39 . 699053 — | 1371.72 | 1467,04 4.68 6.82 | ,0080 
[199 + 5505318 — [149,64| 24322 | 0,42 55979, — | 1546,06 | 1741554 [4.52] $574 | »0572 | 
54953810 — 152,38 245,95 | 6,43 499331 — | 2057,58 2153,22 [4:36] 4-64 | 0463 | 
53195414] — [155-25] 245,80 | 5.45 299475 — | 2743-44 | 2539-24 [4-20] 3-52 | »0351 | 
521,955 7] — 158,24 251,77 | 0,47 299026 — | 4115,15 | 4211,11 4,04] 2,37 | 0237 | 
| $11,95571] — 161,361 254,85 | 0,51 1] ,99784| — | 8230,31 | 8326,40 l;, 91 1,201 ,0120 | 
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HEAT 669. 
— — ———___ N 0 — — — : } Fj 5 
III. IV. N V. VIII. I. II. III. 1 : V. ; 
gare Wo | Decimal ll Spiri als fc Spirit Water Bulk of 
* Water | Bulk of ein 
mea- measure. | pliers. I weight. mea- measure 
— iy | . sure. 
3 Sp. T W. YM 
oo | — | 100,00 | — |100,00| ,9965 [[100 + 50 89433 100 41-13 123.57 
— | 0,82 | 100,72 | 0,10 | 99,29 ,9895 5189525 — | 41,9 »07 3,2 5 | 
— 1,65 — 0, 21 98,58 9825 5289613 — | 42,78 | 139,45 3-33] 71-71] »7147 q 
_ | 2,47 102,16 0,31 97,88 9755 53 589702 — 43-00 140, 22 3,38 71,31 = | IP 
3 3,29 102, 89 1 0,40 | 7. 19 50 586 | 54 89789 — 44-42 —— — 70, 92 * : | _ 
| - | | 3 "308 — | 45-24 141,7 3. 70,53 57028 | 
— | 41: | 103,62 | 0,49 | 96,511] 9618 100 + 55| 89875 = | 6 1 
— 494 | 104,35 0,59 95.849551 5089959 — | r 222 3-50 78 = 
— 5.76 105,08 | 0,68 | * 94841 1 12725 * | 2 3 — 
— | 6,58 | 105,82 | 0,76 | 94,50] 9418[  58,90124| — | . | 449. 27 os 68 1 | 
— | 7,41 | 106,56 | 0,85 | 93,85 - OS eee =_ 8.87 * | 100 
— 8,2 107,30 | ©, Y 93,20 9288 100 + 90284 OR 49-35 | 14570 [3-05 3 l | | 5 
1 Ds — 5-4 | * 192,56 „9224 6190362 — | 50,17 | 0540 3-09 — _ | . 
— | 9,87 | 108,79 | 1,08 91,92 9160][h 62 90439] _y 1 ** eee 5 1 
— | 10,69 | 109,54 | 1,15 | 91,29| ,yog8]] 63] ,90514| — | Te | ne 4 40 * 660 bh 
— | 11,51 | 110,29 1,22 90,07 | 9036 3 5 222509 — 52, . 3 — 2 8800 Loc 
— | 12,34 | 111,04 | 1,30 | 90,05 8975 + 65] ,90663] — | 53:47 | 149-62 | e 
— | 13,16 | 111,79 1, 3789,45 89144. 65 »90737] — | 54-29 N 2.2 654 Ge | 
— | 13,98 | 112,55 | 1,43 | 88,85 | ,8854 67] »g080g] — | 55-11 1 96˙9 8 557 
> 14,80 113,30 1 1,50 | 88,20 58795 Bp 68 90881 — 5594 3 * * f 523 BY 
85778] — | 15-63 | 114-06 | 1:57 | 87:67| 8737] 691-90952 = TT = G5-13 | 0490 F 
— | 16,45 | 114,82 | 1,63 | 87,09| „8079 10 + 70] ,91023] — | 575 153, + , , 
— | 18,09 | 116,33 | 1,7685, 96,8566 72} 91159} — 822 — * * 1 
bw 6 19,74 | 117,85 | 1,89 84,85 | 8456 2421291 — 87 5 = + 2 FA —_ 6328 10 
eine en (RR US| a (he ncaa WM | 
— | 21,39 | 119,38 | 2,01 | 83,76| ,8348} —_— 9,06 4,28 62,87 | ,626 
| 28] ,87037 — | 23,04 | 120,91 | 2,13 | 82,70| ,8242} 78] 91547] — * 6 3 62.25 „6203 M 
29] 87165] — | 23,86 | 121,68 | 2,18 | 82,18| ,8190 * = _= i . 61,95 0173 * 
— 2 81 . act, 1 
100 + 30|,87291] — | 24,68 | 122,44 | 2,24 | 81,67| — 100 + — "_ _w— 856; * "= 61,604 | ,0143 
31] 87415] — | 25,50 | 123,20 2,30 | 81,17 | ,508 8 21732 Gor. 163,01 4.44 61,34 | 6113 
32] 87537] — | 26,33 | 123-97 2,36 | 80,66| ,8038 34.1581 — | 68.25 | 163,80 [4.45] 61.05 6085 1 
| 33| >87658 3 27,15 124.74 2,41 80, 16 7989 3] »91 1. 6 2 Gar 60, A „6054 "Be 
341»$7776| — | 27,97 | 125,52 | 2-45 | 79-07| 7940 84191910] — 9,09 | 19459 14-50 — go 10 
1100 \87802| — | 28,80 | 126,28 | 2-52 | 7918| ,7891 $100 + 85|,91967] — | 69,92 105,39 |453| 20-4} » | 
"""" Ms — nk | ances {nth Toke! a0 —_ 4 | 
30 = 8 . 4 446 Ba 3 „57 | 166,97 4.60 59,89 5909 
2 61 87 592078 71,57 97 4 
37\ 88117] — | 30,44 | 127,82 | 2,62 78,23 779 67,76 (4,6 61 5941 
R | 39 883360 — 32,08 129,36 2,72 1 77,30 57703 * 9 5921 7 n 73» 2 = 59 95 "5985 IC 
g 1100 + 40| ,88443] — | 32,90 | 130,14 | 2,76 76,84 7658 e — a xy" 7 47a 58.77 5858 
F nn RY EMI -| ne ol oe! 00 
42| ,88654] — | 34:55 | 131,68 | 2,87 75,93 7568 92 22 al 80 171,72 4,78 58,23 „5804 | 
43] 88758] — | 35,37 | 132,45 | 2-92 | 7550| 7524 _— ON 954 | 2 | 172,32 4,80 57,96| 5777 = 
44, 55200 — 139.19 [ 133-23 | 2:90 | 75:02) 2740 24.9245) = 72g 31 [4-33] 577/57 F 
1 — | , - 7 3 , | 
„E / ²˙.]ͤͤ —ü⏑⏑ ! Ä ernie 
| | 40, 89058 — | 37,84 | 13478 | 3,06 | 7419] 7394 90} 92554 3 | 174.88 4.9% 57,18 3099 
| | — 3.66 135,56 | 3,10 7717352 22 225 : 6 
| N W 98|,92654| — | 80,60 | 175,67 5386.4 . 
15892 — 22 , wad ; g | : | , , , 5 55 
f 49 $9342 — 14,31 137,11 | 3,20 | 72,93| 7268 g9l 92703] — 81,43 | 17 47 149 E Ka 
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333 
III.] IV. V. VI.] VII. VIII. 
Spirit] Water | Bulk of |Dimi-| Quan- |Decima 
y by mixture. |auti- | tity of multi- 
mea» measure on of spirit pliers. 
sure. bulk per cent 
7 100 
7 * 
7 | 
7 in ad 
Y 2 — 
* A 1 
7 * a | 
4 — 
ö — | 93-47| 188,16 | 5,31 | 53,14 — 
1 — | 9455] 189,20 |} 5,35 | 52,85. Tory 
5| =_|_95205 | 190,27 | 5.38 | 5255 = | 
IJ — | 90,78] 191,36 | 5,42 | 52,25 wp 
5 — | 9793] 192 | 5-44 51.95 _ 
1 — | 99-11] 193 $247 51,64 LP 
7 — [100,32 194,82 | 5,50 51,33 — 
3 — [101,56] 196,02 | 5,54 | 51,02 me 
J — 102,830 197,25 | 5.58 | 50,70 = 
1 — [104,13] i98,52 | 5,61 | 50,37 |, — 
| — [105,46] 199,82 | 5,64 | 50,04 | 4c _ 
1 — 105, 33 201,16 | 5,67 49,1 — 
> = [198,24] 202-54 | 5.70 | 49-37 — 
5 — 10,68 203,95 | 5.73 | 49-03 — 
5 — 111,15 205,40 | 5.75 | 48,69 — 
| — 112,67 206,88 | 5,79 | 48, 3 * 
11 — 114.24 208,43 | 5,81 | 47, — 
; =_|215-85 | 210,00 | 5,85 | 47,02 — 
| — [117,51] 211,62 5.89 47. _—_— 
; — 119,210 213,28 | 5,93 | 46,89 — 
; — 120,96 215,00 | 5,96 | 46,51. [np 
. — 122,7 216,78 | 5,99 46,13 — 
7 — _[124-64| 218,61 | 6,03 | 45,75 — 
5 — 126,56 220,49 | 6,07 45.35 — 
| — 128,53 222,43 | 6,10 | 44,95 =" 
| — 13, 56 224-44 | 6,12 | 44,56 — 
— [132,67] 226,51 | 6,16 | 44,15; — 
— [134-85] 228,65 | 6,20 | 4374 =p 
. — [137,10] 230,86” 85 43.32 — 
' — [139,42| 233,16 | 6,26 | 42,89 — 
— 141,82 235,53 | 6,29 | 42,46 . 
8 — 43123798 | 0,33 | 42,01 — 
N — 45.924,53 | 6.37 | 4157 — 
| — [149-57 | 243-17 | 6,40 | 41,12 — 
— 152, 30] 245,89 | 6,41 | 40,67 — 
— [155-17] 248,74 | 6,43 | 40,20 — 
— 158,16 251,72 | 6,44 | 39,73 — 
— 1617,28 254,79 | 6,49 39,24 = 
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TABLE I. HEAT 675. 
II. VII. VIII. I. II. F 
] Specific | Decimall| Spirit and | Specific 
gravity. | tity of | multi- water by | gravity. | 
| - spirit | pliers. — 
per cent. | 
p. + W. J 
100, oo , 9989 100 + 50|,89387] 100 41,11 | 137,88 3.23 72,53 7223 
399] - | 99-29] 9889 51|,89480] — | 41,93 | 138,66 3,27 72,12| 183 
5|— | 36 98,58 9819 5289568 — | 42,70 139,44 [3-32] 7171 | ,7143 
| 1 | 97,88] 9750 53] >89657] — 3-58 | 140,21 3,37 71,31 | ,7103| 
4830599 — | 3 97,20 —— 54 — 140.99 3,41 70,92 | 064 
83268 — 411 103,62 | 0,49 | 96,51 9612100 + 55], 141,77 3.45 70,53 | ,7025 
| 01,83471] — | 4-94 | 104,35 | 0,59 | 95,84 ,9545| 56 | 142255 [3:49] 7,14 ,6987| 
„83669 — | 5-76 | 105,08 | 0,68 | 95,17] ,9479 57 86 | 143-34 3.52 09,76 | ,6949| 
83864 — | 6,58 | 105,82 | 0,76 | 94,50| 9413 58 144-12 3,57 | 69,38 | „6911 
84054] — |_7:49 | 106,56 | 0,84 | 93,85 | 9347 | 59129 144-90 [3.61 | 69,01 | 6874 
37] — | 8,22 | 107,30 | 0,92 | 93,20 :9282||100 ＋ 60 145,08 [3,65 | 68,64 56836 
8 — | 904 | 108,04 1, oo 92,56 9219 61 146,47 [3,68 | 68,27 | „6800 
— | 9,87 | 108,79 | 1,08 | 91,92 9155 62 147,25 3.73 07,91 | 6763 
— | 10,69 | 109,54 | 1,15 91,29 ,9093| 63 148,04 3,76 67,55 | „6727 
. 11, 50 1 21 90, 67 9031 64 148,82 3,80 67,19 | 0692] 
; — | 12,33 | 111,04 | 1,29 | 90,06 8970 [100 + 55 149,61 [3,84 | 60,84 | „6657 
—-| 13-16 | 111,79 | 1,37 | 89,45| 8909] 66 150,39 3,88 66,49 | ,6622 
— | 13-98 | 112,55 | 1,43 | 88,85| 8849] 67 | 151,18 [3,91] 66,14 | ,6588 
— | 14,80 113, 301, 5088, 26,8790 68 151,96 3,95 65,80 | ,6554 
I — 15-02 | 114.05 | I»57 | 87,67| .873z 69 152-75 [3:95 | 05-46 | 6520 
| [i100 + 20|,85880| — | 16,44 | 114,81 | 1,63 | 87,10| , 8674100 + 70 153,53 4.02 65,13 | ,6487| 
| 21] ,86028] — | 17,26 | 115,57 | 1,69 | 86,53| 8617 A 154,31 [4,06| 04,80 0454 
22.861744 — | 18,09 | 116,32 | 1,77 | 85,96| 8562 72 155,11 (4,09 64.47 6421 
' 23|,80316| — | 18,91 | 117,08 | 1,83 | 85,40| „8506 73 | 155,90 4. 1264.146389 
96 ff — | 19,73 | 117,85 | 1,88 | 84,85] 8451] 74 150,69 [415 0382 | ,6357} 
100 + 25] 80592] — | 20,56 | 118,61 | 1,95 | 84,30| 839700 + 75 — 157,47 [4:20] 03,50 | „6325 
28686727 — | 21,38 | 119,37 | 2,01 | 83,77 | 8343 76 a 158,26 (4,23 63,19 | ,6293| 
l 27.868600 — | 22,20 | 120,14 2,06 | 83,24 | „8290 77 21 159,5 (4, 26 62,87 | ,6262| 
28586991 — | 23,03 | 120,90 | 2,13 | 82,71 8238 78 — 159,83 4. 30 62, 56 6231 
1 2987119 — | 23,85 | 121,67 | 2,18 | 82,19| +8186] 7 a 5 | 160,63 [4,33 62,25 | 6200 
hoo + 30 87245 — | 24,67 | 122,44 | 2,23 | $1,68 813511100 + 80 91625 — | 65,78 | 161,42 [4,30] 01,95 ,6170 
i 31,87369 — | 25,49 | 123,20 | 2,29 81,17 ,8083j] 81 91688 — : 162,21 [4,39 | 61,65 | ,6140 
| 32|-87490| — | 26,31 | 123,97 | 2,34 | 80,67| 8033 82] 291747 — | 67,42 | 162,99 |4-43| 61,35 | 6110] 
3233-87612 — | 27,14 | 124,74 | 2,40 | 80.17| ,7985| 83] 91807] — wm 163,78 4.40 61,06 | ,6080 
341257729] — | 27-96 | 125,51 | 2-45 | 79,68| 7936 841291866] — |_ 69.06 | 164-58 14.48 | 60,76 | bog! 
100 + 35| ,87845| — | 28,78 | 126,27 | 2,51 79,19 7887 00 + 85.919244 — | 69 89 165,37 4.52 60.47 26023 | 
36| 87959] — | 29,59 | 127,04 | 2,55 | 78,71 »7849] 86|,91980| — | 70,71 | 166,16 [4,55 | 60,18 | 5994 
37. * * — | 30,42 | 127,82 | 2,60 | 78,24 7792 87592035 — | 71,53 | 166,95 4.58 59.90 5956 
| 38] ,88 180 — | 31,24 | 128,59 | 2,65 | 77,7 7745| 880.9 2090 — | 72,36 | 167,74 [462 | 59,62 | 5935 
| 39] -88289| — | 32,07 | 129,36 | 2,71 | 77,31| »7699 89] -92144| — 73,18 | 168 54 [4,04| 59,34 | »5910 
100 + 4088395] — | 32,89 | 130,13 | 2,76 | 76,84 | ,7654|[100 + go],92198] — | 74,00 | 164.33 [4.07 | 59,00 | ,5982 
| 41] 858502} — | 33,71 | 130,90 | 2,81 | 76,39| ,7608| 9192252 — | 74,83 | 170,12 |+.71| 58,78 5855 
42| 88607] — 34.54 | 131,67 | 2,87 | 75.94 7564] 92,9230 — 75,65 | 170,91 [4.74| 58,51 | ,5828 
43] 38711] — | 35.36 | 132,45 | 2,91 | 75-50 7276 93923580 — | 76,47 | 171,70 [4:77 58.245801 
44888130 — | 36,18 | 133,22 _2,96 | 75,06| ,7476 94|,92410| — | 77,29 | 172,50 4.79 57.97 | 55774 
100 + 45] 88912} — | 37,00 | 133,99 | 3,01 | 74,63 rr 92462 — | 78,10 | 173,29 [4,81] 57,71 | 5747 
4089012 — |} 37,82 | 134.77 | 3-05 74.20 7390 96| ,92512] — | 78,92 | 174,07 4.85 57,45 57% 
4789108 — | 38,64 | 135,55 | 3-09 73,77 7348 97] 92562] — | 79,74 | 174-86 4.88 57,19 | 569 
48] ,89207] — | 39.46 | 136,32 | 3,14 | 73-35| 7306 980.9265110 — | 80,56 | 175,65 [4,91] 56,93 | »5079 
49 89297] — 140,29 | 137,10 | 31g | 72,941 ,7265 99] ,92660 — | 81,39 | 176,45 4.94 56,67 | ,5044; 


TABLE II. 


** 


—— 


V. 


** 


| « 
VIII. 


1. VI. . [ VI. I. IV. 
Water and | Bulk of |Diminu- Decimal} Water and Water Decimal} 
iri mixture. | tion of multi- spirit by by mixture. multi- 
| bulk. | pliers. |} weight. measure. | Pliers. 
1 3 + Sp. | | 
177-25 | 4:97 | 5619 [100 + 50 100 164,45 | 257-93 [9,52] 38,77 | ,3861 | 
»92758| — 178,06 | 4,99 »5594 — | 167,81 3812 
80! 178,88 | 5,02 »5568 — | 171,30 3762 
92857 — 179,72 | 5,05 25542 — | 17494] 6 „3711 
180,57 5.0 „5516 — | 178,74 3660 
100 + 95], 181,44 5,1 »5489 100 + 45 — | 182,72 | 3608 
182,33 5,14 5462 — 186,87 35551 
183,24 | 5,17 »5435 — | 191,22 23500 | | 
184,18 | 5,19 5407 — 195.77 3445 
| 185,14 | 5,21 45379] — |_ 200,55 | | 3390 | 
100 + 90 186,10 | 5,26 5351 100 + 40 — | 205,56 3333 
187,11 | 5,27 <1 — | 210,83 3275 
| 188,13 | 5,30 55294 — | 216,38 3216 
189,18 | 5,33 »5265 | — | 222,23 69 | -3157| 
61 | 190,25 | 536 »5235 | 2 — |_228,40 23996 
2 | Jo A. [100 + 35] — | 234-93] 73035 
91 192,40 5,43 5175 34 — 241,84 | 22972 
o6| 193,61 | 5,45 25144 || — | 249,16| 2908 
194.79 5:48 5113 — 256,95 2843 
19599 2 82 — 2552] 2222. 
197,22 | 5,56 5050 100 ＋ 30 274.08 527111 
198,49 5-59 5018 283,53 2643 
199,79 | 5-02 4985 | 293,66 2573 
201,13 | 5,65 4952 304,54 2503 
202,51 | 5,68 „4918 97194 — [316,25 243114 
203,92 | 5,71 „4884 100 + 25 328,89 52358. 
205, 37 5,73 4850 % 342,60 2284 
200,85 | 5-77 4815 35750 20 
208,39 | 5,80 ,4780 373.74 21310 
209,97 | 5-33 _ »4744 _— | 39,55 | 22052 | 
211,59 | 5,87 4707 |[100 + 20 411,12 | 1973 
| 213-25 | 5-90 0708 432,76 1892 
214-97 | 5-93 4633 456,80 1808 
216,75 | 5,96 483.68 1724 
421,7 513,91 60 1638 
| 220,45 548,17 51551 
222,39 587,32 1462 
224,40 632,50 21370 
226,47 685,21 1277 
228,61 | 747,50 1183 
230, 82 822,25 „1086 
233.11 913,62 ,0988 | 
235,48 1027,81 ,0887 
23793 | 0,3 1174,65 0784 
240, 486, 35 4142 1370, 42 1465, 6 0679 
243,12 | 6,38 | 41,13 | 4096 100 + 1044,51 | 1739,93 0572 
245-84 | 6,39 40,67 4051 2055,03 0463 
248,68 | 6,41 4005 2740,85 0351 
251,66 | 6,43 3958 4111,27 0237 
254.73 6,48 39,25, 3910 8221,55 5 0120 
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HEAT 689. 


— 1888 — — — — — | — — 
III. Iv. | V. VI. | vIL | VIII. | L- | n men. 
Spirit] Water | Bulk of |Diminu-| Quan- | Decimalll Water and Specific |Spirit| Water 
* by | mixture. | tion of tity of | — * | — by — 2 1 by 
mea | bulk. | spirit 1 [| weight. mea- measure. 
sure. per cent. sure. 
1 W. + Sp. | 
100 | 82,18] 177,23 | 495 | 56,42 | ,5616 Nioo ＋ 50/,95535| 100| 164,37 | 257,87 | 
— 83.010 178,04 | 4.97 | 56,17 | 5591 49; 95601] — | 167,73 | 201,19 |6 
— 33,86 — 5,00 | 55,91 | ,5566 2 — | 171,22| 264,66 6 
— 0 4 | »5539 — | 174,86| 208,28 
— 5813 — 178,66 272,06 
— „5487 ſoo 72 — 182,64 276, o2 6, 
— 5450 44 — 186,78 280,14 
— 5433 43 — | 191,13] 28447 
— 0 5405 42 — 195,68] 289,01 6,6 
— 2537741 — |_200,46 |_ 293-77 
— 5349 6 + = — | 205,490 | 298,77 
— 5321 39 — | 210,73| 304,03 [6,70| 
— 65 „55292 38 — 216, 28 309, 56 
— „5263 37 — 12 315,41 6,71 
— — 331 35 — 321,88 
mit „5203 00 + 35 — 328,09 6,73 
— „5731 34/29 — 335,01 6,21 
5 5655142 33 — 342,37 6,67 
ak 51111 3296745 — 350, 17 6, 66 
5 5080 3196815 — 358.46 6,65 
— „5048 100 + 30 96886 — 367, 29 6,66 
— 50161 29] ,96956| — 376,75 [6,65 
— 06 „4983 28.970275 — 386,91 6,61 
— 4950 27.9709 — 397-83 6,56 
— 4916 2697172 — 499-50 6,54 
2 1882 00 + 25 9725 422,22 6,72 
1 4848 24] 97320 | 435-96 [6,48 | 
— 4813][[ 23197396 | 459-90 6,43 22, 
— 477 2297474 467,18 6, 39 21,40 | 330 3 
=_ 24742 )hFr 21197553 6 | 485,03 (6,33| 20,01 | ,2052 
hs 4705 [100 + 20] 97634 504,05 6,28 19,81 | ,1972 
_ 4668 1997714 526, 36 6, 20 19,00 | ,1891 
— 4631 | 18] 97797 | 550,45 6,14 18,17 | ,1808 | 
8 4593 17197882 577,39 6,6 17,32 | 1724 
— 24555} 16| 97970 607,69 (5,98 | 16,46 | ,1638 
= 7 | ,4516} 758 15] ,98060| 042,03 5,88 15,58 | ,1550 | 
— | 2, ) »4477 | | 14 98151 | 681,28 5,76 14.68 51461 [ 
— 130, 44 224-35 | 6,09 44.57 4437 | 13] 98246] 726,53 5,67 13-76 | ,1370 | 
— [132,54| 226,43 6,11 | 44,16 | ,4396 12] ,99346 779-33 556 12583 | ,1277 | 
— 134.22 228,50 | 6,16 | 43,75 | 4355 | 11198448 8412144881183 
— [136,97 | 230,77 6, 2043.34 4313 00 + 10, 98553 — | 821,86 | 916,54 5. 32 10,91, 1086 
— 139,29 233-07 | 6,22 42,91 ,4271 if 98664 — | 91319 1008,01 5,18 9.92 21 
— 141,68 235,44 | 6,24 | 42,47 | 4228 8 ,98780| — | 1027,33 | 1122, 29 5, 4 8,91 | ,0887 | 
— [144-17 | 237,88 | 6,29 | 42,03 | ,4184 | 7 98901 — 1174.10 1269,19 4,91 7,88 | ,0784 | 
— 146.26 24.41] 6,33 | 41-59 | 4149 699027 — | 1369,78 | 1465,02 4 2 
— 149 43 243-07 | 6,36 | 41,14 | ,4995 00 35.991580 — | 1043-74 | 1739-13 
— [152,16| 245,79 | 6,37 | 40,68 4049 | 4.99296 — 2054.67 2150,23 | 
— |155,02| 248,63 | 6,39 | 40,21 | ,4003 3] 99441] — | 2739.56 | 2835,26 
— |158,01| 251, 6,41 39.743956 299593 — | 4109-34 | 4205. 19 
»95470| — [161,13] 254,67 | 6,46 | 39,20 | 3908 1| ,99751] — | 8218,68 | 8314,68 
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- | VIII. 
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mixture. 


137,80 
138,64 
139,42 


| 22s 
6 | 140,97 


reien 


141,75 
142,53 


143,32 


144, | ( » 
144.88 


145,56 
149,45 
147,23 
148,01 
148, 80 


149,58 
| 150,36 


3 | 151,15 | 
13193 


152,71 


15351 


| 154-28 | 
} I55,07 4, 
6 | 155,86 
60 8 156,66 


157,44 
158,23 
159,01 
159,80 
160,59 


een 


Dede 


161, 38 
| 162,17 
162,95 
103,75 
164,54 


„78324 
7784 
7737 
57691 


165,33 
166,12 


6 | 166,91 


167,70 
168,50 
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* 0 


pie 


7646 [100 + go 


169,29 
170, 8 
170, 87 
171,66 
172,46 


1 


667299 


7425 [100 + 95 
74.217382 6 
73,78 „7340 


173,25 
17403 
174.82 
175,61 


| 72295} »7257 
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| 170,41 
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Water and 


spirit by 


weight. | 


II. 


Specific 
gravity. 


— — 


. + Sp. 


— 


—_— Ly 


100 + 50.95 502 
| 49 

48 
47 


95568 
95634 


| 
95701 
4695767 


too + 4 
44 
43 

42 
41 


96 104 


95834 
„95902 
95969 


96037 
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158 + 4095772 
3996240 
380,96 308 
37] 99375 


3 


290443 


* - 


100 + 35 
4 
33 
42 
31 


96511 
965 80 
96650 
96720 


96790 
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100 + 30 


2 


96861 
29] 296932 

2897004 
2797077 
22 


eee 


| O 
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4 * _ ., — 


100 ＋ 25 
24 
23 
22 

a 


»97 224 
»97 300| 
»97 376 
»97455 
»97534 


- "__ 
— — 


100 + 20 
19 
18 
17 
16 


97615 


97696 
9778 
97865 
2724 


15 
14 
13 
12 
11 


98044 
98136 
98232 
98332 
28434 


100 + 10 


598889 


TABLE II. 

L . v. 
Water and | Specific N 5 Bulk of 
spirit by | gravity. | mixture. 
weight. | 
W. + Sp 
100 4 100 · 92623 100 177.21 

99192672 — 178,02 
9892722 — 178,84 
97922772 — 179,67 
9692822 — | 180,52 

100 + 95] -92370| — 181,39 
„ 9441-92920 — 182, 28 
93ʃ˙92969 — 183, 20 
92.930180 — 184,13 

9193068 — 185,08 
100 + goſ »93116| — 186,00 

89[,93169] — 187,06 

8893221 — 188,09 
8793273 — 189,12 

86| ,93320| — | I90,19 

100 + 8593379 — | 191,25 
_ $4]93434| — 192,40 
83193489] — 193,55 
8293545 — | 194-73 
81.936010 — 195.93 
100 + $o| 93057] — 197,10 
72 ⸗93713ʃ — 198,43 
78 0.93769 — 199,73 
77193825] — 201,07 

76| 93882] — 202,45 

100 + 75] 93938} — 203,86 
74193996] — 205,31 

73} 94955} — 206,79 
72941144 — 208,32 

bt 711194173} — |_ 209,90 
100 ＋ 70| 94232] — 211,51 
6994293 — 213,17 
6894354 — 214,90 
6794415 — 216,67 
66594476 — 218,49 
100 + 65| 94538] — 220,37 
6494500 — 222,31 
6394662 — 224,31 
6294725 — 226,38 
6194588 — 228,52 
100 + 60|,94851| — 230,74 
52594915 — 233,02 
58094979 — 235-39 
5795043 — 23704 

1— — 2 240,38 
Ro + 55] 95175] — 243,02 
34495241 — 24574 

| 5395305 — 248,58 
5295371 — 251,54 

. 2832 = 254-01 


100 + 


mw Nw þ wml ow Q©WO 


,98540 
98651 
98707 


22015 


\© 
\S 
wa 

— 


WIe 


IV. V. 
Water Bulk of 
by mixture. 
measure. 
164,29 257,81 
167,65 261,13 
171,14 | 264,60 
174,78 | 268,21 
_178,58| : 
182,50 | 
186,69 | 
191,04 
_ 195939 | 
200, 36 
| 205,30 298, 69 
210,63 | 303,94 
216,18 | 309,48 
| 222,02 | 315,32 
| 228,18 | 321,49 
234-71 | 327.99 
241,61 | 334,91 
248,93 342,2 
256,71 | 350,05 
204.99 |_358,35 
| 273-82 | 307,17 
| 283,27 | 376,63 
293.38 | 386,79 
_ $0425 | 397.70 
315»95 | 429-43 
328,59 | 422,07 
342,28 435,80 
| 357-16} 459,73 
37340 700 
391,18 | 484,84 
410,74 | 594-45 
432,30 | 520,15 
| 450,38 | 550,23 
| 483,22 | 577,15 
$3343 | S744 
547-05 | 041,76 
586,77 | 680,99 
031,90 | 720,22 
| 084,57 | 778,99 
74, 80 841,34 
821,48 | 916,13 
912,76 | 1007,56 
1026,85 1121,78 
1173.55 | 1268,61 
1309-14 | 1404-35 | 
1042,97 1738, 33 
205 3,70 2149,23 
2738,28 2833,95 
410742 4203, 24 
8214.83 8310, 80 
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pliers. | weight. : 
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TABLE IL. HEAT 700. 
— 1 | | £ 3 } — ö — — — [ | SP — 1 5 | 
| 5 =; 8AM 2. I" VII. VIII. ] I. | II. II. 8 VI. | VII. VIII. 
Water and Specific Spirit Water | Bulk of [Diminu- Decimalſj Water and | Specific Spirit! Water Bulk of Dimi- Quan- | Decimal 
spirit by | gravity. by | by | mixture, | tion of | tity of | multi- spirit by | gravity. | by by | mixture. |nuti-| tity of | multi- 
weight. mea- measure bulk. | spirit pliers. weight. mea- measure on of spirit | pliers. 
| ; sure. | sure. bulk. per cent. | 
W. + Sp. 4 
100+ 100|,92580| 100 100| 164,22 257,7516,47 | 38,80 | ,3857 
22492529 — — | 167,57] 261,07 6,50 38,30 | 3808 
93|,92679] — — | 171,06] 264,5310,53| 37-80 | ,3755 | 
9792729 — — | 174-70] 208,150,551 37-29 | 3707 
9692779 — — | 178,50] 271,93 [0,57 36,77 3656 
[100 + 95=92828 — — 182,47 275,88 6,59 36,25 | ,3004 | 
9492877 — — | 186,61] 280,00[6,61| 35,71 | ,3551 
| 92926 — — | 190,95 28433662 35,17 | 3497 
»92976| — — | 195,50| 288,87|[6,63| 34,02 | ,3442 | 
,93026| — — | 200,27| 293, 626,65 34.06, 3386 
93076 — — 205, 7 298, 606,67 | 33,49 | 3330 
993127 — — 210, 54 303, 866,68 32,91 3272 
93179 — — | 216,08| 30, 406,68 32,32 | 3214 
793231 — — | 221,92| 315,24|0,68| 31,72 | ,3154 
865932844 — — | 228,08| 321,4110,67| 31,11 3094 
3593337 — — 234.50 327, 906,700 30,50 | 3032 
593392 — — | 241,50] 33481 ,69| 29,87 | ,2969 
293447] — — 248,82 342,15|0,67| 29,23 | „2906 
2[,93503] — — | 256,59] 34994|0,65 28,58 2841 
[293559_— — |__26487| 358,2310,64| 27-91 2228 
| ,93016| — — 273,70 307,05|6,65 | 27,24 | 2709 
93672 — — | 283,14| 376,5116,63| 26,56 | ,2641 
293728] — — | 293-25] 386,67|6,58| 25,86 | ,2571 
93784 — — 304,11] 397571054] 25-15 | 2501 
6938410 — — | 315,81] 409,30[051| 24-43 | 2429 | 
,93898| — — | 328,44| 421,92|0,52} 23,70 2356 
93956 — 7279 — | 342,12] 435.646,48 22,95 „2282 
94015] — [112.4 33% — | 357,00] 450,56|6,44| 22,19 | 2207 | 
,94074| — |114,04| 208, 29 5.75 2297435 — | 373-23] 456, 83 6, 40 21,42 „2130 
94133 — 115,65 209,80 | 5,79 2197515 — | 390,00] 484.65 (6,35 20,03 | ,2051 | 
,94193| — [117,30| 211,48 | 5,82 100 + 20,9759 — | 410,55] $504,2616,29] 19,83 | ,1971 
994254 — 118,99 213,14 | 5,85 _ 19! ,97678| — | 432,16] $25,9319,23| 19,01 | ,1590 
94315 — 120,4 214,380 | 5,88 13! ,97762] — | 456,17] 550, 016,16 18,18 "7 þ 
94376 — [122,55 216,63 | 5,92 17] ,97848! — | 483,00] 576,92 6,08 17,33 | ,1723 | 
94438 — 124.40 218.45 | 5-95 |___ 16\,97937| — . 13.19 607,19[6,00| 10,47 | 1637 | 
594500 — 126,32 220,33 | 5299 | 100 + 15|,98028] — | 547-40] 641,49!5-91] 15,59 | 1550 | 
6494562 — 128,29 222,27 02 1498121 — | 586,50] 680,70 5,80] 14,69 | ,1401 
94624 — 130, 32 224,27 | 6,05 1398217 — | 631,61] 725,910 13,77 1370 | 
94687 — 132, 42 220,34 | 6,08 1298317 — | 684,25| 778,65 5.60 12,84 | ,1277 | 
,94750| — 134.50 228,48 6, 12 11,98420 — | 746,45] 840497 4811,89 1182 
94813 — 136,85 230,09 | 6,16 100 + 1098527 — | 821,19] g15,7215,38| 10,92 1080 
94877 — 139, 16 232,97 6,19 9.986380 — | 912,33] 100%, 11,2 9,93 | 0987 
94942 — 141,56 235,34 | 6,22 898754 — 1026, 37 1121,28|5,09| 8,92 0887 
57950 — 144,05 237,80 6, 25 798870 — 1173, 0 1268, 044,90 7:39 | ,0784 | 
9250731 — 146.63 240,34 6, 29 65,9 90 — 1363,50 1463,08 4,82 6,83 | „0679 
95139 — 149,29 242,97 | 0,32 100 + 5.99134 — 1642,20 17375314-07| 575 »0572 
3 245,09 | 6,33 4.99272 — | 2052,74| 2148, 244,50 405 | ,0403 
95270 — 154.88 248,53 | 0,35 3.9947 — 2737,00 2832,64 14,30] 353 | 0351 
argue — 157.87 251,48 | 6,39 299569 — | 4105, 50 4201, 294,21 2,38 | ,0237 
95403 — 160,98 254,56 42 1199728 — 2210. -99 8306,93 14,06 1,20 | 0120 


tt. ts 


Mpecxciv. 


TABLE I. 


Mr. GiLein's Tables 


HEAT ond 
— — — — — — 900 4; — 
_ ry I. III. wv. | VII. 1. u. un.] Iv. V. VI. VII. vin. 
de de nei. N, Wer | B re male | 
water gravity. | by y \ | | 2 Ff Spirit | pliers. | 
weight. | _ — = | — Doe en: = —_ * | bulk. per cent — 
| 7 = — — | _ | | M | = 
EL 1- TI LI CL LL SE 
EEE 
| 11582206 — | 0,82 100,72 | O,IO | 99,29] » | | 5892 * 7 , ; 
8 2 82432 3 1,64 101,44 o, 20 98,58 59796 52589387 — 42,08 | I 39,40 3.28 2171 7129 
3 82652 1 | 2,46 102,16 o, 30 97,89 »9727 5 „89476 — 43250 140,17 OY 22 2 
F 
ET 1 — 103,61 | ©, 52 100 9999; — | 45953 | 14573 12- 50 
100 + 5 3257 3 , 49 96,52 9590 Þ+ 55 8973 — | 45-95 | 142,51 3,4 7, 17.697; 
| 9222 — —_— 89816 143.29 3,48 69,79] -6935 
783777 — 105,08 | 0,6 | ole hed Gala 
81 89898 — | 47:59 | 144-07 3,52 99,40 6897 
i 83671 — "oh, I 89979] — | 48,41 | 144-85 3.56 62.03 6859 
| . 9 785 , 3 O gt? Wa 55 95058 — | 49,24 145,63 3.61 68,66 56822 
10 + 10 „84044 — 107,29 | 90136 — | 50,06 | 146,42 3,64 68,30| ,6786 
| 1 - — 108,04. 90213 TD 50,88 | 147,20 3-68 | 67,93 6750 
! 13 5845 O04 — 109,53 ©, ay 52,52 148,77 3.75 67,21 | „6679 
— 284738] — LANES. — on 149-55 [3-79 55,86 644 
Too ＋ 15 84903] — 111,03 | 1 290438; — | — 150,33 3,83 66,52 6609 
16 85066 — 111,78 1 —— 1 | 54,98 | 151,12 3,86 66,17 66575 
1785226 — 2223 65 90659 — | 55,80 | 151,90 3,90 65,83 6541] 
| 18; ,85383] — 113,29 | , 9731] — | 56,62 | 152,68 3,94 65,49 6507 
8822 17204 ED 1 85515 5 
— ——— * 90801 — | 57:45 | 153-47 3.98 65,15 474 
100 + 20, 85688 — 1 870 — | 58,27 | 154,26 [4,01 64,82 644 
| 2185836 — 115,50 | "_— „0 o4 64.49 „6408 
| 6 90938 — | $909 | 155,05 4,04 # 
| 22585982 — 116,31 91000 — | 59.91 | 155,83 [4,08 64,17 | ,6376| 
| 23586125 — 117,7 eee. 3 == 156,62 [4,11 | 63,85 | ,6344 
| 24 85265 —— 117,83 | 2 17 — 87,75 157,41 4,14 03,53 56312 
100 + 2586403 — 118,59 | 1 3 290135 E 
| 26 865 39 — 119.35 | = — 63,19 158,98 4-21 | 02,90 6250 
| * boy of 2.22384 — 64.83 | 160,56 27 | 62,28| 6158 
| 29 86931] — _121,65 ——— 5 ,30| 61,98 ,6158 
2 91440 — | 65,65 | 161,35 [4,30 
100 -+ 30 587057 — 122,41 | 3 66 162 14 K 61,67 „6128 
4 91510 — 547 14 4.33 | 
* 310871810 — 123,18 | 2, 91571 — | 67,29 | 162,92 [4,37 | 61,38 6099 
32 720 — 123,94 91631] — | 68,11 | 163,71 4.40 61,08 „60 
I 3387423 — na 591690 — | 68,93 | 164,50 4,43 60,70 0040 
— fad AM ME. 1749) — | 69,75 | 165,30 [4-45 | 60,50| „6011 
100 + 35| 87658] — | 28,73 | 126,25 21852 — | 70,57 | 166,09 4.48 60,21 983 
368722 — | 29-55 | 127-02 91862 — | 71,39 | 166,88 4.510 59,92| 55954 
37; 97882] — | 30-37 | 127:79 | 91977 — | 72,22 | 167,67 [455 | 59,64 927 
ee 91971] — | 73,04 | 168,46 18 52•3 22 
| 39; 58100 _— 32,01. 129,33 - — — "73-86 | 169,25 [4,61 59,08 55871 
100 + 40, 88200 — | 32,83 | 130,10 eee. — 74.68 170,04 464 58,81 | 5844 
41883144 — | 33-05 | 130,87 | 2 92132 — | 75,50 | 170,83 4.67 58,54 5817 
42588419 — 3447 131,64 92185 ES 76,32 | 171,63 4,69| 58,27 | 5799 
B25 —— | 39-99] 235-42 949223) — | 77,14 172,42 472 1870 
— — r 8 2289) — | 77,96 173,21 4.75 57,73 5737 
100 + 45.887260 — | 36,93 | 133,96 5 22 — | 78,77 | 173-99 4.78 57,47 5786 
40088825 — | 3775 | 13474 97.923890 — | 79:59 | 174978 [4,81] 57,21 5660 
47 88922 N 38,57 13551 Z 92439 — 0,41 175,557 4,84 56,95 550 
48 89018 — 39,39 136, 29 9 l 2 88 RA | 81,24 176,37 4,87 56,70 „5034 
49 89113 — 49,21 | 137,00 991 92455) _ 


1 < 


| 


ELA 


O 


Ld 


k. 4 ._— 


S co 


37 7 
86 


rener eee 


— — 


On OO — Þ 


m 


for Shiritous Ln 


58 


: — 


| 


HEAT 7. 
= IT Fa Mota 
II. VIII. L II. IH w. | V. VI.] VI. | vin. 
Decimalſ Water and Specific Spirit Water Bulk of Dimi.] Quan- | Decimal 
multi- spirit by [gravity be by mixture, |nuti- | tity of multi- 
pliers. | weight. PLE measure on off spirit | phers. 
| Sure bulk. per cent 
. 4 06 1 = EY 
| 2,07| ab ,90 | 56,44 | ,5608 | 100| 164,13 | 257,70 |6, 8,81} ,3856| 
6+ 109] 99598] 100] e 177.05 | 4-90 e EE 
„„ „ r 70,98 | 26 6,51] 37,81] 375 
98.925360 — 83,75 178,79 | 4-96 | $5298 25557 _ mo! — 4#7 * 37» 4 3757 
97\ ,92686| — | 84,02 | 179,02 | 5,00 | 55, 57556 | 7 — 175 1 - = —* 37-30 37 | 
95927360 — | 85,50| 180,47 | 5-03 | $540 [ »55 2 — | 178,41 | 271,86 |6,55| 36,78|_,3 25s 
100 + 95|,92785| — | 86,39] 181,34 | 5,05 | 55-14 | »5479 [190 + 45195770] — | 192.39 | 275,91 19.57 30,25 | 3003} 
9492835 — | 87,30| 182,23 507 54-37 | „5453 44\ 95838] — | 186,52 | 279,93 £29 35,72| »3550| 
9392884 — | 88,24 | 183.15 | 5,09 54.60.5426 435906 — | 190,86| 284,25 | 35-17 3496 
9292934 — 89,20 184,08 | 512 | 54-32 | ,5398 42195975] — 195,41 | 288,79 * 34.02 40" | 
91592984 — | 90,18| 185,03 | $-I5 | 54-04 | 5370 Nf _ 4195043 — | 200,17 | 293,54 [0,03 | 34- 2284 
100 + 95793033 — 91,18 186,01 | 5,17 | 53-76 | ,5342 00 + 40.961110 — | 205,17 | 298,52 6,55 33,49 »3329}. 
389 ,93085 — 92, 20 187,01 | 5,19 53-47 5314 39.961810 — | 210,44| 303,77 wy 32,92 | 2 N 
8893138 — 93,25 158,03 5,22 | 53,18 | ,5285 33| 296249] — 215-97 | 309,31 wo 32,33 275 
97931900 — 8432 189,08 | 524 | 52,89 | ,5250 37 290318] — —_— "7 
86 593243 — 95-42 190, 14 5,28 52,59 055 3 5780 _ 227,97 _ 855 IT — b: 
100 + 85 ,93296| —- 55 | 191,23 | $,32 | 52,29 | »51 100 + 35|,90456] — | 234,49 327,80 0, 30,51 »3O3 
- = 34 — 7 — — 192,35 | 6,35 | 5199 | 5106 = 22 — e 334970 — 29.87 2 b 
' 83 93400 — 98,87 | 193-50 | 5237 51,08 | ,5135 33 9559 wy N ppt 223 66 | 4 ; 7 
8293462 — 100, o8 194,07 | 5,41 | 51,37 | 5104 IN 32|,96668| — | 250,47 | 349-53 * 28,58 „284 
8193518 — 101,3 195-87 | 5,45 ( 25739 — |._264-74 2 855 27-92 = 
100 + 80! ,93576| — 102,59 197,10 | 5,49 | 50,73 | >5041 0 + 30] ,g90811] — | 273-57 | 309,92 e, 5 27,25 
„„ _ — — 198, 36 | $253 59,41 | 5009 if! 29] ,96883] — | 283,00 370-35 _ 20,57] — | 
| 78| ,93688] — 105, 22 19967 | 5,55 50, 8,4976 28] ,96956| — | 29311 | 380,54 [0,57 _—_— _—_ 
77.9374 — 106, 59 201,01 | 5,58 49,75 4943 4 97030 — | 303, 397,43 9253 25,1 * | 
76| ,93801| — [107,99| 202,39 | 5,00 | 49-41 221 291 297 105] — _ - 409,15 — 2444 == 5 
100 + 75593857 — ſioq, 203,80 | 5,03 | 49,07 7] 10 + 25 971800 — 328, 2 421,77 0,2 23,71 | 
14 33916 m_ 10:90 205,24 | 5,06 | 48,72 | 4842 8 241 97257] — | 341,90 43545 * 22,96 _— 
73.939756 — |112,41| 206,72 | 5,69 | 48,37 | 4807 | EC at arent 
72| ,94034| — [113,98| 208,25 | 5,73 | 48,01 | ,4772 | 221297414] —. | 373»05 | . 2 * * 1 
7194093 — 115,59 209,82 822 47,06 | „4736 _211,97495]| — 390,81 | 484.40 [0,35 | 20,04 | ,2051 
andthe © »94153 — [117,24 211,44 5580 47529 4699 oo + 20 97575 _ 410,36 504,00 * 19.84 * 
* 69] ,94214| — 118,93 213,10 | 5,83 | 46,92 | 4662 I9],970659] — | 43195 525,72 * * — 
| 08| ,94275| — [120,68| 214,82 5,86 | 46,55 | ,4025 _ 18|,97744] — | 455295 549-79 _ 18,19 „1807 
67 94336 — 122,49 216,60 | 5,89 46,17 4588 | _ 17],97831] — | 482,77 570, 8 wy 17-34] 2 
6694398 — 124,34 218,41 | 5,93 | 45-79 | 4550 | 149792 — 12.288.932 148132 
100 + 6594461 — 126,26 220,29 | 5,97 45,39 4511 $100 + 15|,98011| — | 547-14 2 5-92 15,60 * 
6494523 — 123,23 222,23 | 6,00 | 44:99 4472 14.98 105 — | 586,22 80,41 |5,81| 79 14 | 
6394585 — 130, 26 224,23 | 6,03 | 44-59 | 4432 13|,98201| — | 631,31 | 72559 |5-72| 13,78 ,1370 
| 62 94649 PETER 132,36 226, 30 6,06 44.19 4391 12,98 302 — 683,93 778,31 5,02 12,85 512774 
| 61 94712 — 134.53 228,43 | 6,10 | 43,78 | 4350 | 1198405 — | 746,10 840.60 15.50] 11,89! ,1182 
100 + 6094775 — 136.78 230,64 | 6,14 | 43-36 | 4308 100 + 1098513 — | 820,71 | g15,31 15,40| 10,92| 1086 
| 5994840 — 139,09 232,93 | 6,16 | 42,93 | ,4266 |] 998624 — 911,90 1006, 65 [5,25 9.95 a o 
| 5894905 — 141,49 235.30 6,19 | 42,50 | ,4224 8],98740} — | 1025,89 ene? 5512 1 * ow 
| 57] 294971] — 143,98 23775 | 6,23 | 42,00 | 4150 | 71 98862] — | 117349 CY * 2 g's + 
| 561 ,95037| — 14556 240-29 | 6,27 | 4161 413 699089 — | 137,86 | 1453.1 14,85} 0,84} ,0079 
100 + 55|,95102| — 149,21 242,91 6,30 | 41,17 | ,40g1 [100 + 55991210 — 1041,43 1736,73 4.70 5-70) A 
5495169 — [151,95 | 245,63 | 6,32 | 40-71 | 4945 4.99259 — | 2051,79 2147,26 4.53 4 0403 
53195234] — 154,80 248,47 | 0,33 | 40-24 | +3999 3]-99404| — | 2735-73 | 2834-34 [439 3-53} +0351 
521 ,95301| — 157,80 251,42 | 6,38 | 39,77 | 3952 299557 — 4103.59 4199.35 [4-24] 2,38] 23 
514,95 308] — 160, 900 254,50 | 6,40 | 39,29 | 3904 11,997 16} — | 8207,17 | 8303,07 [4,10} 1,21 0120 
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* Il 13 F 3 | _ M4 | N — — 
1 Tn. | III. IV. | V. | VI. | VIE VIII. | ny II. III. IV. V. VI. VII. | vin, 13 
Spirit and Specific [Spirit Water | Bulk of Diminu- Quan- RR and | Specific Spirit Water P Bulk of |Dimi-| Quan- | Decimal Wate 
| water by | gravity. | by by | mixture. | tion of | tity of | multi- — water by gravity. * by mixture. | nuti- | uty of multi- spir 
: | weight mca- [meagure. | {| bulk. spirit —_—_ | weight. mea- measure. on of | spirit pliers. we! 
Ki | Sure. | | | per cent | sure. bulk. | per cent. | 
Sp. TW.“ | | po. + W. W. 
100 + 0.81927 100 — 100, 0 — co, oo ,9930 100 + 70 35759 100 41,01 | 137,83 3,18 72,55 ,7205| 100. 
| 1 82157 * | 100,72 | O,10 | 99,29 9860 | 51 „892500 — 41,84 | 138,61 3.23 72,15 7165 | 
1 2.82383 — 101,44 | 0,20 | 98,58 9790 52],89341] — | 42,66 | 139,39 3.27 7174| ,7125| | 
| 3826034 — 102,16 | 0,30 | 97,89 9721[ 53.894300 — | 43-48 | 140,16 3,32 71,34| ,7085 | 
OR 828171 — 102,88 | 0,40 2222 9653 8489617 — | 44-29 | 140,94 3.35 70,95 ,7046 Ke 
pods. 423 — | 4-10 | 103,61 | 0,49 96,52 9585 poo + $5 ,89602] — | 4511 | 141,72 3,39 70,56| ,7007 _ 
983229 — | 492 | 104,34 | 0,58 | 689687 — | 45-93 | 142,50 3,43 70, 17 6969 | 
[ 7| 83428] — | 5,74 | 105,08 66 — | 46,75 pt. 1 
© 8|,83023] — | 6,56 | 105,81 His 
29283812 — | 7,39 | 106,55 — LL 
- 100 + 10583995 — |} 8,20 | 107,29 — 68,67 „6819 100 
1184175 — 9,02 108,04 | — 68, 30.6782 
| 12,8435] — | 9,84 | 108,78 | — 67,93 „6746 
PF: 1384522 — | 10,66 | 109,53 | — 67,57 „67 10 
14.845900 — | 11,48 | 110,28 | — 67, 22 ,6675 MW 
100 + 15|,84854| — | 12,31 | 111,03 | — 66,87 | „6040 100 
| * 10 85018 — 13,13 rage — 66,52 , 6606 N 
| 1785177 — | 1395 | 112,53 — 66,17 „6572 * 
| 18853344 — | 14,76 | 113,29 | — 85,83 „6538 E 
_ 19 85485 — | 15,58 | 114,04 — | 65,50 6504 . 
100 + _ 85648] — | 16,40 | 114,80 | — 55,16 „6471 106 
| 21857880 — | 17,22 | 115,55 — 64,83 „6438 
| _— 85933 — 18, | 116,30 ; 64,50 0405 
\ 2386077 — 117,06 | — 64,17 | 0373 
242486217 — | 19 117,82 — 63,85 6341 3 
100 + 25|,86356| — | 20,51 | 118,59 | — 63,53 „6309 10 
| 26] ,80491] — | 21,33 119,35 9 | 03,22| ,0278 | 
z 27] ,86624| — | 22,15 | 120,11 | — 62,90 ,0247 
3 28] ,86754| — | 22,97 | 120,88 573 — 62,59 „6216 
2239.868830 — | 23,79 | 121,64 2, ,21| of — 62,29 6185 3 
1c 8 2 300, 87008 — | 24,61 | 122,40 | 2,21 | 381,081 730 100 ＋ 80 91405 — 61,98 6155 my 
32187133 — | 25,43 | 123,17 | 2,26 | $1,19| ,8062]] 81.914600 — 61,68| „6125 
} 32|,87255| — | 26,25 | 123,94 2,3180, 69,8013 82],91527] — 61,38| ,6095 | 
: 3387375 — | 2707 | 124,71 | 2,36 | 80,19| 7963 8391587 — | 63,09] -6007) | 
484874904 — | 27-89 | 125,48 | 2,41 | 79-79|_ -7914}|_ 84914 - A _ 1c 
100 + 35],87610] — | 28,71 | 126,24 | 2,47 79,21 786600 + 8591704 — 0,50| ,00g|. 
£ 38 ase — 29,53 A | wy 78,73 7819 8691761 — 60, 22 5980 
37.878350 — | 30,35 | 127,78 | 2,57 78,26 7772 871918180 — $993 | 25957 
8 3887944 — | 31,17 | 128,55 | 2,62 77,79 7715 8891873 — | 59-05 5303 
3988953 — | 31-99 | 129,33 | 2,66 2233 2579 89] ,91927| — |_59>37 |_599 S 
120 + 40] 88159} — | 32,81 | 130,10 | 2,71 | 76,87 | 7633 100 ＋ gol ,91981 * 59,09 50061 [Ic 
41,8826 — | 33,63 | 130,87 | 2,76 | 76,41| 7588] 992030 — 244, 
| 42| 88372] — | 34-46 | 131,64 | 2,82 75.96 7543 9292088 — 58,54 5¹ . | 
43.884760 — | 35,27 | 132,41 | 2,86 | 75,52| 7499 93192141 — 58,27 2 
| 44.885780 — | 36,09 | 133,18 | 2,91 | 75,08| ,7456 94/ 92193] — |_58,01 | 5700 = 
100 + 45.886790 — | 36,91 | 13395 | 2,96 | 74-95| 7413190 + 95192244] — $7274] 786 | 
!  40],88775} — | 37,73 | 134-73 | 3-00 | 74922| 27371 g6| 92295] — 57-40 6683 
4788875 — | 38,55 | 135,50 | 3,05 73,80 7329 97| 92345] — 2 Ns 
48] 88971] — | 39.37 | 136,28 | 3,09 | 73-38| ,7287 tn fe WY SP 2, 
ba 49|,89066| — | 40,19 | 137,05 | 314 | 72,96| ,7246 99] -92445] — 56,71 | 5031, K 


TABLE II. 


k _ — — — | 1 ym | 

| | i n. in.] w. v. | vi [vi vm. . u. m.] Iv. | V. VI. vn. 

1 Water and | Specific |Spirit{ Water | Bulk of |Diminu-| Quan- Decimalſf Water and | Specific Spirit Water Bulk of |Dimi-| Quan- | Decimal 
spirit by gravity. | by by mixcure. | tion of | tity of multi- spirit by |gravity.| by by mixture. |nuti-| tity of alt 
weight. mea- measure. bulk. | spirit weight. mea- | measure. | on of | spirit 

sure. per cent. sure. bulk. per cent. 
W. + Sp : W. + Sp 

| —— POW LES 

| 100+ 100] ,92493] 100 | 82,03| 177,15 | 4,88 56.45 | 5605 i000 + 501,95 397 100 164,05 38,81 

99| 92543] — 82,86 177,95 | 4-91 | 56,19 4995456 — | 167,41 | 38,32 | 

9892593 — 83,71 178,77 | 4-94 | 55-93 48| 95533] — | 179-99 | 37,81 

979243 — 84.58 179,50 | 4,98 | 55,67 47 95601] — | 174553| 37,30 

8 96|,92093j — | 85,40 | 180-45 | 5,01 | 55-41 | —46{,95669| — 28.22 30,79 |. 3654. 

150 + 959274 — 85,35 181,32 | 5,03 | 55-15 | 5476 100 + 4595737 — | 192-29 | 30,20 | 

| 9492792 — $7,26| 182,20 | 5,06 | 54,88 434 95805 — 186,44 35,73 

9392841 — 88,20 183,13 | 5,07 | 54-61 4395874 — | 190977 | 3518 

$ 92 92891 — 1 89,16 184.06 | 5510 54.33 | 42 95943 W 195,32 | 34-03 

1 | 91] 92941| — 0.14 185,01 | 5,13 | 54-95 | 41| ,90011} — 200, o8 | 34-07 

| 100 + 90.929911 — 91,4 155,99 515 | 53-77 | »5339 100 + 40| ,90080| — | 205,07 33-50 

| 89| 93943] — | 92,16| 186,98 | 5,18 | 53,48 3996150 — | 210,34 | 32,93 | 

| $8] ,93096| — | 93.21| 188,01 | 5,20 | 53,19 38] ,96219| — | 215,87 5 32,34 

|  $7],93143| — 94,28 189,05 | 5,23 | 52,90 37 96288 — | 221,71 | | 31,74 

| 8693201 — 95,38 190,11 | 5,27 52,00 | 36| ,90358| — | 227,86 | 31,13| »' 

100 + 85|,93255| — 36,51 191,20 | 5,31 | 52.30 100 + 35|,90428| — | 1 30,51 

ö 8493311 — 97,66 192,32 | 5.34 | 52,00 3496498 — | 24127 8| 29,88 

| 83.9336 — | 98,83| 193,47 536 | 5109 | | 33} 296569] — | 248,58 | 5 | 29924 | 

1 8293422 — {100,04 | 194,04 | 5,49 | 5137 32 96641 — | 250,35 | 3 | 28-59 | 

| 8193479 — 101,28 195,84 | 5-44 | 51-06 3196713 — | 204-62 63.222 

iT 100 + 80|,93530| — 102,4 197,07 | 5-47 | 59274 100 + 30] ,96786| — | 27344 27,26 | 

| 79.935910 — [103-84 | 198,33 | 5,51 | 50-41 29] -96858| — | 282,87 | 20,58| 

78,9364 — [105,17 | 199,64 5,53 50,08 28| ,96931| — 292,97 25,58 | 

| 77937 — 106,54 200,98 | 5,50 | 49,75 27] 297006; — 303,82 25,7 

| 26.0376 — [107,94 | 202,35 | 5259 | 49-42 2697081 — | 31550 | | 24-45 |. 

100 + 75|,93816| — 109, 38 203,70 | 5,02 | 49,08 100 + 25 97157 — | 328,13 | 23,72 

; 7493875 — [110,85 | 205,21 | 5,04 | 48,73 24' 297234| — | 341,80 22,97 

4 7 3.93934 — 112,36 206,69 | 5,07 48,38 23 97312 — | 356,66 22,21 

| 7293993 — |113-92| 208,22 | 5,70 | 48,02 22 „97392 — 372,87 21,44 
i 7194052] — [115-53 | 209-79 | 5:74 | 47:67 21197474] — 320553 20,65 | 
1 100 + 70ʃ,94112 — 11,19 211,41 | 578 | 47,30 160 + 20! 297555] — 410,7 19,85 
ö 69.9473 — 118,87 213,97 580 46,93 | 19 97639 — 431½75 19,03 
1 68, 94234 — 120, 62 214,79 | 5-83 | 46.55 18 „97725 — 455.74 7 7 | 18,20 
| 67] ,94295| — 122,43 210,50 | 5,87 18 1797813 — 482,54 576,44 [2,10\ 17,35 
| 6694358 — 124,28 218,38 | 5,90 | 45,79 | 4548 16 »97902| — 512,71 606,68 6,03 16,48 
| 100 + 65|,94421\ — 125,0 220,25 595 | 45:49 4509 [199 ＋ 15 297994 — 5745588 | 640,95 5 15-00 | 
, 64|,94483) — 128,17 222,19 | 5,98 | 45,00 | »4470 jþ 14 ,98088| — | 585,95 680, 125,83 14,70 
| 631,94546| — 130, 20 224,19 | 6,01 44. 4430 13 „98187 — 531,02 725,28 5½4 1379 
q 62|,94610| — 132, 30 226,26 | 6,04 | 4420 | 4389 12 ,93286] — | 683,61 | 777297 5,64 12,85 
4 61024574 — 134-47 228,39 5,08 | 4379 | 434 11 ,98390| — | 74576 | 840-23 [5,53| 11-90 
3 100 + 60794737 — 135,71 230,60 | 0,11 43,37 4300 00 + 10 98499 — | 820,33 | 914-90 5,¼43 RS 
| 553] ,94802| — |139.03| 232,88 | 6,15 | 42,94 | 4294 98610 — 911,47 | 1006,20 5,27 9,94 
þ | 58] ,94868| — 14142 235-25 | 0,17 | 42,50 | 4221 8.58726 — 1025,41 1120,26 5,15 8,93 
5794934 — 143.91 237-70 | 6,21 | 42,07 | 4178 758848 — 1172,92 1266,88 5,04 7,89 
gi _ 56] ,95000] — 146.49 240,24 | 6,25 | 41.02 | ,4134 | 61 2025 99975] — 1367,22 1462,34 4.88 6,84 
100 + 55195065 — 149,14 242,80 6,28 4127 4089 [100 + 5 99108) — 1640,67 173593 4,74 570 
} 5495132 — 151,88 245,58 | 6,30 | 40,71 | ,4943 q 99245] — | 2050,83 | 2140,27 4,56] 4,06 
, 53|-95198| — [154-73] 248,42 | 6,31 | 49325 | +3997 3; +99399}..==. 27 34:49 | 2830, 4 4,42 3-53 
52] ,95265| — 157,72 251,37 | 035 | 39,78 | 3950 z 9544 — | 4101,68 | 4197,41 [4,27] 2,35 
4 51195332] — 160,83 254-45 | 6,38 | 39-30 | »3902 1; ,99794} — | 8203,36 | 8299,21 14,15| 1,211, 
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HEAT 73%. 
a a 265 | e 1———— n 1 
+ VI. | vi. VIII. . II. Ul. IV. V. VI.] VII. [| vant | 
| Bulk of |Diminu-| Quan- Decimal I Spirit and | Specific Spirit Water Bulk of |Dimi-| Quan- Decimal 
mixture, | tion of | tity gf | multi- |} water by | gravity. | by by mixture. nuti- | tity of | multi. 
we bulk. | spirit | pliers. |} weight. | mea- | Mcasure. on of | spirit pliers, 
| per cent E sure. | bulk. per cent 
sp. + W | IP. + W. | ' | | 
100 + 0.818780 100 — | 1c0,00 | 9924100 + 50 891120 100 40,99 | 137,82 [3,17 | 72,56 | ,7201 
| 1.821080 — | 0,82 | 100,72 | 51892044 — | 41,82 | 138,60 3,22 72,15 | ,7161 
282334 — 1,64 | 101,44 | 52.892944 — | 42,64 | 139,38 [3-26] 71,75 | ,7121 
4382588 — | 2-40 | 102,16 $3] 89383] — | 43-46 | 140,15 [3-31 | 7135 | ,7082 
482768 —,| 3,28 | 102,88 54| »89471| — | 44,27 | 140,93 3,34 70,9 5 27042 
100 + 582977 — | 410 | 103,61 100 + 55|,89550|] — | 45,09 | 141,71 3,38 70,57 | ,7003 
| 6|,83180] — | 4,92 | 104,34 56.8964 — | 45,91 | 142,49 [3-42 | 70-18 | ,6965 | 
71+383379] — | $74 | 105,08 57] -89724| — | 46,73 | 143-27 3,46 69,80 | ,6927 
8 203574 — | 6,56 | 105,81 | 58] ,89806| — | 47,55 | 144,05 3.50 69,42 ,6889 | 
100 + 10,8394) — | 8,20 | 107,29  ©,91 | 93-21 925000 + 5089964 — | 49,19 | 145,61 [3-58 | 68,67 | ,6815 
[0 1184127 — | 9,02 | 108,03 | 0,99 | 92,57 | ,9185| 61] ,90043] — | 50,01 | 146,40 [3,01 | 68,31 | ,6779 
F 12 £4393] — 9.62 108,78 | 1,06 91,93 9123 62 ,90120| — | 50,83 | 147,18 3,65 67,94 | 6743 
| 1384474 — | 10,66 | 109,53 | 1,13 91,30 ,9061 63] 90196] — | 51,65 | 147,96 [3-69| 67,58 | ,6707 | 
1 14 84542 — | 11,48 | 110,28 | 1,20 90,68 9000 64] 90271] — | 52,47 | 148,75 3.72 67,23 | 6672 
r 584806 — | 12,30 | 111,02 | 1 1 90,07 8939100 + 65 90345 — 53.29 | 149,53 3.76 66,88 | „6637 
17 85129 — 13.94 112,53 | 1741 88,87 | „8820 | 67] »90494| — | $5493 | 151,09 3,84 66,18 0568 
18.852866 — | 14,76 } 113,28 | 1,48 | 88,27| ,8761} 68] ,90567| — | 55,75 | 151,87 |3-88| 65,84 | ,6534 
19 85440 — | 15,58 | 114,04 | 1,54 | 87,69| ,8703 69 »90639] — | 56,57 | 152,65 3.92 65,51 | ,6501 
Too + 2085592 — | 16,39 | 114,80 | 1,59 8), 118646100 + 70, 90% — | 57,39 153,44 [3-95 | 65,17 | ,0468 
21085740 — | 17,21 | 115,55 | 1,65 | 86,54| ,8589 7.90778 — | 58,22 | 154-23 3,99 94-84 | 6435 
| 22585885] — | 18,04 | 119,30 | 1,74 | 85,98] ,8533 72] ,99846] — | 59,03 | 155,01 4,02 64,5 1,6402 
| | 2J „86029 — 18,8 | 117,06 1 1,80 85,42 „8478 73 90913 . 59,85 | 155,80 405 64,18 56370 
2485169 — | 19,68 | 117,82 | 1-86 | 84,87 ,8423 _74|>99979] — |__60,67 | 156,59 14:08 | 6386 | ,6338 
1100 + 25586308 — | 20,50 | 118,58 | 1,92 | 84,33| ,8369 100 dd 75 91044 — | 61,49 | 157,38 |4,11| 63,54 | ,6306 
28686443 — | 21,32 | 119,34 | 1,98. | 83,79} ,8316 791 ,91109] — | 62,31 | 158,16 4,15 63,23 | 6275 
 27|,86576| — | 22,14 | 120,11 | 203 | 83,26| ,8263 7791173 — | 63,13 | 158,95 4.18 62,91 | 6244 
28] ,86706| — | 22,96 | 120,87 | 2,09 | 82,73] ,8211 78| 91235] — | 63,95 | 159,74 4,21 62,60 | ,6213 
2986835 — | 23,783 | 121,63 | 2,15 | 82,21} ,8159 79| 9-298} — | 64,77 | 160,53 [4,24| 62,29 | ,6182 
100 + 30, 86960 — | 24,60 | 122,40 | 2,20 | 81,70} ,8108|[i00 + 80! ,91360} — | 65,59 | 161,32 4,27 01,99 | 6152 
38187085 — | 25,41 | 123,17 | 2-24 | 81,19] ,8058 8191421 — | 66,41 | 162,11 4,30 61,69 | ,0122 
| 32 587207 — 26,23 123,93 1 2,30 80, 69 „ 8ooꝗ . a »91482| — | 67,23 162,89 4534 61,39 ,0092 
| 33 »87327 w__ 27,06 | I 24,70 | 2,30 89,19 57959 83 591542 — 350 6 | , 
414874460 — | 27,88 | 125,47 | 2:41 | 79,70] 7910 84 91601} — 
100 + 35|,87562| — | 28,70 | 126,23 | 2,47 79,21 ,7862|ji00 + 85] ,91659| — 
| 36 „87676 — 29,52 127,00 | 2,52 | 78,73 57815 86 91716 — 
37877880 — | 30,34 | 127,78 | 2-59 78,26 ,7768 97.9773 — 
_ 38] ,87897| — | 31,16 | 128,55 | 2,01 | 77,79] ,7711 88591829 — 
39 0.88006 — | 31,98 | 129,32 2,66 77,33 ,7675|]  B89[,91883] — 
100 + 40|,88112| — | 32,80 | 130,09 | 2,71 | 76,87| „7629100 + go] ,91937| — 
41] ,88220| — | 33,61 | 130,86 | 2,75 | 76,41| 7584 910919910 — 
4288325 — | 34-44 | 131,63 | 281 | 7597] 7539 9292044 — 
4388429 — | 35,20 | 132,41 | 2-85 75,531 »7495 93] -92097| — 
4488531 — | 36,08 | 133,17 | 2-91 | 75,09} ,7452 94921490 — 
100 + 45|,88632| — | 36,90 | 133-94 | 2-90 | 74-06| 740910 + g5] 92199] — 
| 46| 88731] — | 3771 | 134-72 | 299 74,23 7367  g6|92251| — 
4788828 — | 38,53 | 135-49 | 3-04 | 73-80| ,7325|| 97] -92301| — 
(© $$] +59924} — | 39:35 136,27 | 3-08 | 73-38| 7283 g8| ,92351] — 
| 491>8golg| — | 49417 | 137-04 | 313 | 72297 | »7242 99| -92492| — | 


Jor Spirituous Liquors. 


TABLE II. HEAT 739. 
| | n | — EY N — [ — | FR 3 | M 1 — 
1 . HI. IV 1 | VL. | VIE. VIII. I. II. III. .. 8. Sw 2 VII. 
a Water and Specific Spirit Water | Bulk of |Diminu- Quan- Decimal} Water and | Specific Spirit. Water | Bulk of |Dimi- Quan- 
A | spirit by | gravity by by [| mixture. | tion of | tity of | multi- spirit by pgravity. | by by mixture. nuti- | tity of 
| | * | mea- measure. bulk. spirit pliers. | weight. mea-| measure. onof| spirit 
| | sure per cent | SUre bulk. per cent. 
1 W. + Sp. | | W. o+ Sp. | bo , 
| [100+ 100|,92450] 100| 81,99] 177,13 | 4.86 | 56,45 560 100 + 50.9 362 100 163,98 | 257,58 6.40 | 38,82 
i 99] ,92500| — 82,82 177,93 | 4-89 | 56,20 | 5578 49| 95431} — | 167,33 | 200,89 [6,44 | 38,33 
5 — 33.67 178,75 | 4-92 | 55-94 | »5552 48| -95499] — | 170,82 | 204,35 [0,47 | 37,82 
| 97 — 84.54 179,58 | 4-96 | 55,68 | 5526 47] »95567] — | 174-45 | 207.97 6,48 37,31 
- 96| —_|_85,42|_150,43 | 4:99 | 55-41 | »5590} 4695536 — 178,24 221.23 [0,51 | 36,80 
q [roo + 95 — | 86,31| 181,29 | 5,02 55,15 „5474100 + 45 957 — | 182,21 | 275,07 [6,54 | 36,27 
F 94 — 387,22 182,18 | 5,04 | 54-88 | ,5447]] 449577 — | 186,35 279,79 6,56 35.74 
| 93 — 88, 16 183,10 | 5. 0654.615420 4395842 — 190,68 | 284,11 [6,57 35,19 
| 92 — 89, 12 184,03 | 5,09 54.335393 42.959110 — | 195,23 | 288,64 6,59 | 34,64 
_. nn _— | g0,10| 184,98 | 5.12 | 54-05 | »5365 41959800 — | __ 199,99 | 293-38 6,61 34-08 | 
[ 100 + 90 — | g1,10| 185,96 | 5,14 | 5377 | »5337 ("00 + 40| 95049] — | 204.98 | 298,36 [0,02 33,51 
8g — | 92,12| 186,95 | 5,17 53.48.5399] 3996119 — | 210,24 | 303-60 [6,64 | 32,94 
88, — 93,17 187,98 | 5.19 | 5319 | 5280 38|,96189| — | 215,77 | 39913 [0,64 | 32,35 
87 93106 — | 94,24 189,02 | 5,22 | 52,90 | 52511 po 90259) — | 221,60 | 314,96 6,64 31,75 
| { 86 ,93160| — | 95,33| 190,08 | 5,25 | 52,01 | ,5222] 3696329 — | 227,75 | 321,10 6,65 31,14 
100 + 85 535217 — | 96,46] 191,17 | 5,29 | 52,31 | 5191100 + 35|,96400| — | 234-27 | 327,60 16,67 | 30,52 
| 84 93270 — | 97,61| 192,29 | 5,32 | 52,01 | ,5161] 3496471 — | 241,16 | 334-49 6,67 | 29,89 
. 35 93325 — | 98,78| 193,44 5,34ä 5170 5131 3396542 — 248,46 341,82 6,64 29,25 
. 8293381 — 99,99 194,01 | 5,38 | 51,38 | 5100 32.966144 — | 250,23 | 349,00 6,63 28,60 
| 81 93432— 101.23 195,81 | 5,42. | 51,07 506. 5 31.5582 — | 204,59 | 357,87 6,63 27-94 
[ [100 8093495 — [102,49 | 197,04 | 5,45 50,75 | 25037 }Þ100 + 30| 90760] — 273.31 360,68 6,63 27,27 
79.9355 — 103, 79 198,30 | 5,49 | 59:42 | 50 29.956833 — | 282,74 | 376,13 6,51 26,59 
78! ,93606| — 105, 12 199,01 | 5,51 | 50,09 | 4972 28| ,96907] — | 292,83 | 386,26 [6,57 | 25,89 
7793662 — |106,49| 200,94 | 5-55 | 49-70 | „4939 27] 96982] — | 303,68 | 397-14 [0,54| 25,18 
25.3219 — 192,89 202,32 5-57 | 49-43 | 4906 2697057 — | 315,36 | 408,85 [6,51 | 24,46 
100 + 7593775 — [109,33| 203,73 | 5-00 | 49,09 | ,4872 100 + 25 97134 — | 327-98 | 421,47 [6,51 | 23,73 
7493834 — [110,80| 205,18 | 5,02 | 48,74 | ,4838j] 2497211 — 341,64 435,16 6,48 22,98 
7393893 — 112, 31 206,65 | 5,66 | 48,39 | „4803 2397290 — | 356,49 | 450,05 [0,44 | 22,22 
72|,93952| — 113,87 208,18 | 5,69 | 48,03 | ,4768 22| »97371] — 372,70 466, 30 6,40 21,44 
| 71194011} — 115,48: 209,76 | 5-72 | 47-07 | 34732 _21| »97453| — |__399>45 | 484,09 [6,36 | 20,65 | 
_ [100 + 70194071] — 117,13 211,37 | 5,70 | 47-31 | 4095 [100 + 20| 97535] — | 499-98 503,67 [0,31 | 19,85 
6994132 — 118,82 213,03 5.70 46,94 465 8 "2 97620 — 431,55 5 525,30 6,25 19,04 
Xx 68 294193] — 120,57 214,76 | 5,81 | 46,56 | ,4621 18! ,97706| — | 455-53 549.35 6,1818, 20 
7.94255 — 122,37 216,52 | 5,85 | 46,18 | ,4584 17] 97795] — | 482,32 | 576,20 |6,12| 17,35 
6694318 — [124-22 | 218,34 | 5-88 | 45,80 | ,4540 16| ,97885| — |_ 51247 |_606,43 [6,04 | 16,49 
100 + 65|,94381| — 126,14 220,21 | 5,93 | 45-41 | 4507 100 + 15] 97977] — 546,93 | 040,68 [5,95 | 15,61 
6494443 — 128,11 222,15 | 5,96 | 45,01 | ,4408 14] ,98072] — | 585,68 | 679,83 5,85 14,71 
6394507 — 130, 14 224,15 5,99 | 44,01 | ,4428 1398172 — | 630,73| 724,97 |[570| 13,79 
6294571 — 132,24 226,22 | 6,02 | 44-20 | 4387 1298271 — | 683,29 | 777,63 5,66 12,86 | 
5651,94635 — [134-41 | 228,35 _ 6,06 43,79 434 1108325 — |_745-41 [ 839.8671190 
100 + 60, 94699 — 136,5 230,55 6,10 43,37 4304 [Io + 10] ,98484| — | 819,95 | 914,49 5,46 10,93 
5994764 — 138,97 232,84 | 6,13 | 42:94 | 42621 9| 985900 — 911,05 | 1005,75 5,30 9,94 
58|,94831| — 141,36 235,20 | 6.16 | 42,51 | ,4220 8|,98712| — | 1024,93 | 1119,76 5,17] 8,93 
57194897] — 14384 237-05 5,19 | 42,07 | ,4176 71 -98834| — | 1172,39 | 1266,31 5,08 7,90 | 
5694963 — 146,42 240,19 | 0,23 | 41,03 | ,4132 6| .99061| — 1365,58 1461,68 4,90 6,84 
10 + 5595029 — 149,7 242,81 | 6,26 | 41,18 „4087 [100 + 5,9909 4 — 1639,91 1735,13 4.78 5.76 
54.950960 — 151,81 245,53 | 0,28 | 40,72 | 4042 499231 — 2049,88 2145,29 4,59 4,60| 
53.95 162 — 154.66 248,37 | ©,29 | 49,26 | ,3996 3.99378 — | 2733-18 | 2828,73 4.45 3,53 
7.722% — [157-64] 251-31 | 6:34 | 39-79 | 3949} 2 9953 — | 4099,78 | 4195.47 [4-31 | 2,38 
511,95296| — [160,76] 254,40 | 6,39 | 39-311 ,3901 11.990910 — | 8199.55 | 8295-35 1420] 1,21 


Mr. due. 8 Tuble 


| | ET = TI Wn — 7 
II. i. IV. 1 . + þ IT. III.] IV. V. VI. VII. 
Speciſic pirit| Water | Bulk of |Dimi | Specific Spiri. Water Bulk of |Dimi.| Quan- 
gravity. | by by mixture. | ti gravity. | by by | mixture, |nuti-| tity of 
mea- measure s.4 mea-] measure. on of | spirit 
sure | sure. | bulk. per cent. 
— 100 — | 100,00 | 89065 100 40,97 137,81 3.16 72,56 
82059 — | 0,82 | 100,72 | 89157 — | 41,80 | 138,59 3.21 72,16 
82284 — | 1,64 | 101,44 89248 — 42,62 | 139,37 |3-25| 7175 
82504| — | 2,46 | 102,16 | 5389337 — | 43»44 | 14914 3,3071, 35 
82719 — | 3,28 | 102,88 | — 89425 — | 44-25 | 140,92 [3,33 | 79-96 
82927 — | 4-10 | 103,61 | ,89510| — | 4507 | 141,70 3,37 7,57 
„83131 — | 492 | 104,34 589595 — | 45-89 | 142,48 3,410 70,18 
83330 — | $74 | 105,07 | 57895780 — | 46,71 | 14326 [3,45 | 69,80 
83525 — | 6,56 | 105,81 | 58|-89760| — | 4753 | 144-04 3,49 09-42 
83715] — |_7-38 | 106,54 _ 3932840 — | 4835 1448 [3-53 | 69-05 
„83899 — | 8,20 | 107,28 100 ＋ 60| 89913] — | 49,17 | 145,60 3,57 | 68,08 
84079 — | 9.01 | 108,03 6189997 — | 4999 | 146,39 3.50 68,31 | 
-84254| — | 9-83 | 108,78 | 62.99 — | 50,81 | 147,17 [3-64 | 67,94 | 5 
84426 — | 10,65 | 109,52 | 1,13 | 91, 63\>90149] — | 51,63 | 147-95 [3,08 07,58 | 
+84594| — | 11,47 | 110-27 | 1,20 | 90,6 649022 — |_52:45 | 14874 [3-71 | 07:23 
84758 — | 12,30 | 11,02 1, 2890, 7 ,8934 100 + 55 90299] — | $327 | 149,52 3,75 | 06,88 
84921 — 13,12 111,77 | 1,35 | 39, . 6590373 1 | $3030 13-79 66,53 
„85080 — | 13,93 | 112,52 | 1,41 67 99448] — | 54-91 | 151,08 [3,83 | 66,18 |, 
85237 — | 14575 | 113-28 | 147 68/9052 — | 5572 | 151,86 [3,86| 65,84 | 
2853910 — | 15557 | 114-03 | 154 _ 69! 99593} — |_ 56,54 1254 13-90} 65,51 | 
85544 — | 16,39 | 114,79 | 1,60 |} 100 + 70 90653 — 57.36 153,42 3.945,17 | 
85691 — | 17,20 | 115,54 1,66 71] 90732] — | 58,19 | 154-22 [397 64,84 | © 
585837 — 18, 03 116,30 1,73 | 72| 90800] — | 59,00 155,0 4,00| 04,51 | 6 
3585981 — | 18,85 | 117,05 | 1,80 | 8  73|,90867|] — | 59,82 | 155,79 [4-03] 64,19 | 6 
{ 80121 — | 19,67 | 117,81 | 1,86 | 17490933 — | 60,64 | 156,58 14,06 03,860 
78260 — | 20,49 | 118,58 | 1,91 | 100 + 7590999; — | 61,46 | 157,36 4,10 03,54 
| 86395] — | 21,31 | 119,34 | 197 | 76 91063 — | 62,28 | 158,15 4.13 63,23 
| 865 28 — 22,13 120,10 2,3 77 91127 — | 63,10 158,93 4,17 62,91 
86858 — | 22,95 | 120,87 | 2,08 7891190 — 63,92 159,72 [4-20 62,60 | C 
29.867870 — | 2377 | 121,63 2,14 79] » 291253. — | 64,74 | 160,51 423 62,30 |» 
o| 86912} — | 24,59 | 122,39 | 2,20 100 + 8091315 — | 65,56 | 161,30 [4,26| 01,99 
1] ,87037] — | 25,40 | 123,16 | 2,24 | 81 91376 — | 66,38 | 162,09 (4.29 61,69 
87159 — | 26,22 | 123,93 | 2,29 | 829143) — | 67,20 | 162,87 4,33 01,40 
87279 — | 27,04 | 124,70 | 2,34 | $4],91497| — | 68,02 | 163,66 4.36 01,10 | 
87398 — | 27,86 | 125,47 | 239 | 8491556 — | 68,84 | 164,46 [4,38 60,81 
»87514| — | 28,68 | 126,23 | 2,45 | 79,22 " 7858} 100 I 85| 91014) — 69,66 | 165,24 [4:42 | 00,52 
6| ,87628| — | 29,50 | 127,00 | 2,50 | 86 91671 — | 70,48 | 166,03 1445 60, 23 | 
87740 — | 30,32 | 127,77 | 2555 87|,91728] — | 71,20 | 166,82 [4,43| 5994 5946 
878500 — | 31,15 | 128,54 2,61 8891784 — | 72,12 | 167,01 [51 59.69 | 5918 
39; 87959 — | 31-96 | 129,31 | 2.05 8991839 — |__72:94 8.4% [4:54 59,38 | 5590 
,88065| — | 32,78 | 130,09 | 2,09 7525160 + gol 91893) — | 73,76 | 169,19 [4:57 | 59-10 58962 
88173 — 33.60 130,86 2,74 91,9194) — | 7458 | 169,98 450 58,83 | -5335 
,88278| — | 3443 | 131,63 | 2,80 92,9 2000 — | 75,39 | 170,77 4,62 58,56 5808 
88382 — | 35-24 | 132-40 | 2,34 9392053 — | 70,21 | 171,57 564 58,29 5781 
44488484 — 36,06 133,17 2,89 94 9210 — 77,03 | 172,30 4,07 67 | 58,02 13.75) 
100 + 45] 88585] — | 30,85 | 133,94 | 2-94 Too + 95 92155) — | 77985 | 17315 7 57275 | 572% 
886844 — | 37,09 | 134271 2,98 96] ,92207] — 78,60 | 173,93 [4-73] 57249 55703 
47887810 — | 38,51 | 13549 | 3-02 97 9225) — | 79-48 | 174,72 4,76 $7523 | 15077 
„5651 
48] ,88877] — | 39-33 | 136,20 | 3-07 98.9230 — | 80,30 | 17551 429 59-97 656 
49! 88972] — | 4915 | 13703 | 3,12 9992358 — | 81,12 | 176,31 [4,81] $6.7 Ee nut Y 


vii. I. | Il. 


. 
* Decimalll Water and 
Y 8 multi- spirit by 
. | pliers. | weight, | 
PV. Sp. | 
7 100| 81,95] 177,11 | 4,84 | 56,46 | ,5600 fftoo + 5oj,95327] 100 
7 — | 82,78] 177,91 | 487 | 56,20 [5575 |f 49.953950 — 
7 | — | 83,63] 178,73 | 4-90 | 55-94 |-5549]] 418.9546 — 
4 > | 84,50| 129,55 | 4-94 | 55-08 5524[ 47]95533] — 
9 | — |_85,38] 180,41 | 4,97 | 55-42 | »5598 If 46]-95602] — 
I — | 86,27| 181,27 | 5,00 | 55-16,} ,5471 1 + 4595071] — 
2 | | — | 87,18] 182,16 | 5,02 | 54-89 |,5445}| 4457 — 
4 | 6] — | 88,12] 183,08 | $04 54-62 |} ,5418 if 4395810 — 
38 | — 89,08 184,00 | 5,08 54.345390 44.958790 — 
1 | — | 90,06} 184,96 | 5,10 4.06352 — 41195949] — 
2 | — 91,00 185,94 5512 53.78 55334 100 . Ta 
5 — 92, o8 186,92 | 5,16 53.49 5 308 39,96089 — 
| — | 93-13] 187,95 | 5,18 | 53-20 [5277] 3895159 — 
3 | — | 94-20] 188,99 | 5,21 | 52,91 5248 3795230 — 
I »— | 95-29| 190,05 | 5,24 | 52,62 | »5219 | 36] ,96301| — 
3} Þ — 96,41 191,14 5,527 52,32 55189 00 + 35 96372 — 
| — | 97»57| 192,26 | 5,31 | 52,02 | 5159 __ 341296444] — 
| — | 98,74] 193-41 | 5-33 | $17T | 5129 | 3396515 — 
| — | 99-94| 194558 | 5,36 | 5139 5098  32|96588] — 
1 — 101,18 195,78 | 5,45 | 51,08 | ,5067 | 31| ,96661| — 
| — 102,44 197,01 | 5,43 | 59,76 | 5035 [[100 + 30, 96734 — 
| — 103, 74 198,27 | 5,47 | 50,43 | 5003 || _ 29|,96808| — 
| — [105,07] 199,58 | 5,49 | 50,10 | ,4970 | 2896883 — 
| — 106, 44 200,91 | 5,53 | 49577 | 4937 || 27] 290958] — 
| —4 107,84 |_202,28 | 5,50 | 49-44 [4903 |____26|-97033| — 
| — |109,28| 203,70 | 5,58 | 49,09 | 4869 00 + 25.971100 — 
| — 110,5 205,14 | 5,61 | 48,75 4835 2497188 — 
| — 112, 267 206,62 | 5,64 | 48,40 | ,4801 || 2397268 — 
| — 113,82 208,15 | 5,67 | 48,04 | ,4766 | _ 22] ,97350| — 
| | — |115,43|_209,72 | 5,71 | 47,08 |,4730]}| 21197432] — 
| — 117,08 211,34 | 5,74 | 47-32 | 4693 00 + 20]97515| — 
ö — 118,7 213,00 | 5,77 46,95 4658 19] 97601] — 
| — |120,51| 214,72 | $79 46,57 | 4919} 18] ,97688| — 
— 122, 31 216,49 | 5,82 46,19 +4582 | 17197777] — 
; — [124,17| 218,30 | 5,87 | 45-81 | 4544 | 16.972868 — 
| — |126,08| 220, 7 | 5,91 | 45,42 | 4595 [[100 + 15.9796 — 
| — 128,05 222,11 | 5,94 | 4502 | ,4460 14|,98056| — 
| — 130, o8 224,11 | 5,97 | 44,02 | 4426 1398157 — 
| — 132,18 226,18 | 6,00 | 44,21 | ,4385 | 1298256 — 
6 — [134,35 | 228,31 | 6,04 | 43-89 | ,4344|| 1198350 — 
— 136, 59 230,51 | 6,08 | 43,38 | ,4303 [ioo + 10] ,98469] — 
— [138,90| 232,79 | 6,11 | 42,95 | ,4261 798582 — 
— |141,30| 235,15 | 6,15 | 42,52 |,4218} 8] ,98698| — 
— 143.77 237,60 | 6,17 | 42,08 | ,4175 | 7] »98820| — 
—. 146, 35 240,14 | 6,21 | 41,04 | ,4131 1 61599047 — 
— 149,00 242,76 | 6,24 | 41,19 | ,4086 lo + 5599080 — 
— 151,74 245-48 | 6,260 | 40,73 | 4041 | 4.99218 — 
— [154-59] 248,32 | G27 49927 | »3995 3.99365 — 
— 157.57 -251,26 | 6,31 | 39,80 | ,3948 299518 — 
— 1160, 69] 254-34 | 6,35 | 39-32 | -3990 1.99578 — 


MDCCXCIV. 3B 
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My. Gir rns Tables 


1 HRAT 759. 
5 T | It; itt. iv. V. WI. | VIII. I I. 
Spirit and Specific [Spirit] Water | Bulk of |Diminu+| Quan- I | Spirit and 
1 by | gravity. 2 by mixture — tity-of multi- — by 
weight. - , mea- measure bulk. spirit | pliers. ] weight. 
4 cure. . 12 1 It 
e . 
100 + 81780 too] — | 100,00 | — 100,00] 9913100 + 50 
1,8201000 — 100,20, 1099,29 98421 51 — 
$2235] — | -| 101 o, 20 98,58 9772 52 — 
315824550 — | | 102,16 | 0,30 97,89 „9703 53] >89290| — 
102,88 1] 9035] 541289378] — 
103,61 96,52 95670 + 55] 39404] — 
| 104934 | | 95-84| 90% %ꝗf˙ga 56/8948 — 
| 105,07 | 0,66 | 95,17] ,9434 $71 89631] — 
| 105,81 | © 94.519368 58089713 — 
106,54 0,833.86 9303]. J89723 — 
107,28 | 0,91 93, 21 923900 + 60|,89872| — 
| 108,03 | 0,98 92,57 59176 | | 189950 — 
3108,77 1, 0691,94 62, 90026 — 
65 | 109,52 | 1,1391, 31 9051 63] ,90102| — 
7 | 110,27 | 1,20 | g0,69| ,89ggoſt 64/,90177| — 
1.52 1,27 90,07 58930 oo ＋ 65 790252 — 
111% | 134 | 89,47] 8870 6690327 — 
112,52 | 1,41 87] „881014. 67] ,90401] — 
113,28 | 1,47 | 88,28| ,8751 _ 68],90474| — 
5 114,03 |. 1-53 | 87,69] ,8693 - 69] 299546] — 
114,79 | 159 87,12 ,8636 3 — 
115,54 | 1,06 | 86,55 8579 _ 71],90686] — 
116,30 | 1,72 | 85,99] 8523] 72] 90754 — 
| 117,05 | 1,79 | 85,43] 8468} — 7395821 — 
| & — |_19,66 | 117,8x | 1,85 | 84,88) 8414/1] 74290887] — 
TEST, 25 78827 20,43 | 118,57 | 1,91 | 84,34| 33506 þ 75 90952 — 
©? Hb 28 wet © _ 21,30 | 119,33 | 1,97 | 83,80} ,8306| _ 76|,91017] — 
> — | 22,12 | 120,10 | 2,02 | 83,27} ,8253| 777910810 — 
* 20 26810 = 22,94 | 120,86 | 2, 0882,74 „8201 785911450 — 
2986738 — | 23,76 | 121,62 | 2-14 82, 22 ,8150| 791591208 — 
[160 + 30,8586 — 24,58 122,39 | 2,19 | 81,71 ,8099 100 +.80 912700 — 
2321/86988 — | 25,39 | 123,16 | 2,23 | 81, 20,8049 8191331 — 
= * By 32 587110 — 26,21 | 123,92 2,29 | 80,70 7999 82 591392 | 
| 5 3387231 — | 27,03 | 124,69. 2,3480, 20 7950 8391452 — 
334873500 — | 27,85 | 125,46 | 239 79,71 7901 84915110 — 
100 + 35| 87466] — | 28,67 | 126,22 | 2,45 | 7922 7853 [100 ＋ 55 — - 
36.875800 — | 29,49 | 126,99 | 2,50 | 78,74 | 7806 8591626 — 
37| -87692| — 30,31 127,76 | 2,55 78,27 ,7759|| 9791683 — 
38] ,87802| — | 31,12 | 128,53 | 2,60 | 77,80| ,7712| 885977391 — 
39487911 — | 32,95 | 129,31 | 2-64 | 77-34| 566 8991794] — 
100 + 40] ,88018| '— | 32,77 | 130,08 | 2,69 | 76,88 | ,7621|[100 + 9891849 — 
41.881250 — | 33-59 | 130,85 | 2,74 76.42 7576[ 9191902 — 84 
42] ,88230| — | 34-41 | 131,62 | 2,79 75,98 7531 92591955 — |. 75-3 170,75 14,61] 58:57 | 5505 
| 43|-88334| — | 35-22 | 132,39 | 28375547487 9392008 — | 76,18 | 171,55 [4.63] 58,30 | 5779 | 
44\ 88437} — | 36,04 | 133,16 | 2:88 | 75,10| 7444 94.92 — | 77,00 | 172,34 4.66 58,03 | 1575? | 
100 + 45[,88538] — | 36,86 | 133,93 | 2-93 | 74-67 | ,7401 00 + 9592111 — | 77,82 | 173-13 14.69] 57-76 | 5722 | 
40|,88637] — | 37,68 | 134,70 | 2-98. | 74-24| ,7359 9692162 — | 78,63 | 173,91 14-72| 57-50 | 575 
47|-88734| — | 38,50 | 135,48 | 3-02 73817317 97] 92213] — | 79-45 | 174-79 [475] 57-24 25074 
88830 — | 39-32 | 136,25 | 3-07 | 73-39] »7275| 99 99903 — | 80,27 175-49 4.78] 56,98 | 5% 
491 >-83925| — | 40,14 | 137,03 | 3-11 | 72,98| 272341 991 592314} — | 81,09 | 176 -29 | — 56,73 5623 
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TABLE II. 


VII 
: 1 | | 1 | = 3 
1 Water and * 8 . .. N a N | . . . | | 0 | . * | | | | 0 F pe 
spirit by ty | itv. | | tity of | 
er cent. 


„5332 10 + 40 
53 3285 
37 
55246 
5217 
5187 10 + 3509 
5137 34| 96 
55120 33 
5095 32.9556 
24 
5032 00 + 30 
55000 29 
4967 2896 
43 [225 
4867 [00 + 25 
4833 24 
4798 23 
4753 22 
6g | 4727 ||__ 21 
»4691 100 + 20 
40,9 4554 
4617 
4580 
24542 || 
4503 
24464 || 
4424 
4383 
24342 
4301 [[100 + 10 
96 | 422 91-98 
4216 8 
473 7 
4129 6 
4084 [100 + 5 
4039 | + 
3 
2 
1 


Iritis 


1181 
„1085 
og8/ 
0886 
20784. | 
0679 
1733-55 0572 
2143,32 4,6 66 042 
2826,13 0351 


6 4191,58 8 0237 
| — 0120 


3993 
-3940 | 
3898 


3B 2 


| | 5 | | | | | ; 
| 2 — 
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Mr. Giles Tables 
HEAT 7 


— W | — — —  — — 
—— W' * | 
Quan- Decimal| Spirit and Specific Spirit 
of | multi- water dy | gravity. | by 
. 3 | sure 
100 100 
wo 2 
— — [100 + 55] 89417] — 
_ ＋ 4 9495 [ 66/,895010 — 
— | $5573 | 105-07 | 0,66 9517949 * 57] 89584], — | 
— | 655 | 105,81 | 0,74 | 94.51 | ,9363 588966600 — | 
. 17] — |_7:37 | 106-54 | 0,83 | 93.86] ,9298| 59} >89747] — | 
100 + 10] ,83801| — 8 | 9234/70 + 60, 89826 — 
11.839820 — 9171 61089904 — 
I _ 9108 62589980 — 
13 34329 * 9046 6390056 — 
N 38985 64901310 — 
- 8925 hoo 2. 65 5902056 — 
8868] 5690281 — 
8805 67 299355] — 
8746 68590428 — 
| 8688 69 , 90500 — 
. : „8631 hoo + 70, 90570 — 
| — 8575[ 21.906400 — 
— 9 20519] 72| ,90708|, — 
| — 43 >38404N} > 73.907750 — 
| — 8 8409 24 »9084 1 — 
| — 6 59% — 
3 mo 8302 76.909720 — 
| — 8262 77.910360 — | 
1 — 744-8197 78| ,91100| — | 
| A 8146 6 91163 _ 
| — 91226 — 
| — 912860 — 
* 91347 — 
oo 91407 — 
— 91466 — 
100 + 385 27159 — 91524 — 
36] 87533] — 915810 — 
1 | 1 | 37} » 22 — 91638 — 
| | 38] £7754 = 591694 — 
1 I.. 3982853 — »91749]_— 
1 Too + 4 87970 — 404495. WY 
| 41| 88077] — 91857 — 
1 a Wada — 919110 — 
43] 88287] — 91964 — 
i | _ 44 „883 — 92016 — 
1 100 + 45] 88490] — 92067 — 
4 (i 46 . = 921180 — 
| 47] ,88687| — 92169 — 
| 48088783 — — — 
49 2 — 592270 — 
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for Spirituous Liquors. 


373 
TABLE IL HEAT 765. 
CY I CTC Cp e 
1. | 8. ſur iv. | v. VI. vn. Vn. I. on. III. iv. V. VI. VII. VIII. 
Water and | Specific Spirit Water | Bulk of Diminu- Quan- Decimalſl Water and | Specific Spirit Water Bulk of |Dimi-} Quan- | Decimalſ 
spirit by | gravity, | by | by | mixture. tion of | uty of multi- spirit by | gravity.| by | by mixture, | nuti-| tity of multi- 
weight. mea- measure bulk. spirit ier weight. | mea- measure. on of | spirit pliers. 
| | zure. | | | | per cent. | sure. bulk. per cent. | | 
I»; 3 | W. + Sp. Wy | 
100| 81,88 177,06 | 4.82 | 56,48 | 5595 00 + 50|,95255| 100 163,76 | 257,40 [6,36 
— 82,71 177,86 6,2 69 49] »95 325} — | 167,10 | 260,71 [6,39 
— | 93.56 178,68 48| 95395] — 170, 58 | 264,17 6,41 
— | 84-42] 179,51 47] 95464] — | 174-21 | 207,78 [6,43} 3734 
— |_85,30| 180,36 46|-95534|_— |_177-99 |_ 27154 [0:45 | 30.8 
— | 86,19} 181,22 100 + 4595603 — | 181,95 | 275,46 6,49 3 
— 87.10 182,11 | 4.9 449567 — | 186,09 279,57 6,523 
— 88.03 183,02 | 5,01 | 54,64 | 5413 43|95744\ — | 190,42 | 283,89 [6,53] 3 
— 38,99 183,95 |. 5,04 | 54,36 | ,538 42] -95814| — | 194,95 | 288,41 [0,54 
2 89,97 | 184,91 | 5,06 | 54,08 | ,5358 44] ,95885} — | 199-71 | 293,15 6,56 
— | 99-97 | 185,89 | 5,08 | 53,80 | ,5330 0 + 40] ,95955] — 204,70 298,11 [6,59 
— 91,99 186,87 | 5,12 | 53,51 | ,5302 3995026 — | 209,95 303, 346,61 
— | 93-04| 187,90 | 514 | 53,22 | 5273 38,9608 — | 215,47 | 308,86 6,61 
— | 94-11| 188,94 | 5,17 | 52,93 | 5244 3795169 — | 221,29 | 314,67 6,62 
— |_95-20 | 190,00 | 5,20 | 52,03 | ,z214| * 36|,96242| — | 227,44 | 320,81 6,63 
— 86,32 191,08 | 5,24 | 52,33 | 5184 fi00 + 35|,96314| — | 233-94 327,31 [6,03 
— | 97-47 | 192,20 | 5,27 | 52,03 | 5154 34.963860 — | 240,82 334,19 6,63 
— 88.64 193,35 | 5-29 | 51,72 | 5124 33] -96459] — | 248,12 | 341,50 6,62 
— | 99-85 | 194-52 | 5-33 | $141 | 5093 32] »96532| — | 255,88 | 349,27 6,61 
— [191,09] 195,72 | 5.37 | 51:09 | 5062 31] ,96606| — | 264,13.| 357,53 [6,60 
— 102, 35 190,94 | 5,41 | 50,77 | ,5030 f + 5 — — 272,93 | 366,32 6,61 
| — [103,64 | 198,20 | 5,44 | 509,44 | 4998 29.967560 — | 282,34 | 375-75 [0-59 
— [104,97 | 199,51 | 5,46 | 50,12 | ,4965 28] ,96831] — | 292,43 | 385,86 [0,57 
77| 93549] — 106, 34 200,85 | 5,49 | 49, | — | 393-25 | 396,72 6,53 
— [107,74 | 282,21 | 8 — . 314.92 408,40 [0,52 
— 109, 17 203,62 | — | 327,52 ,02 6, 50 
— 110, 64 205,06 | — 341,17 47 
— 112,15 206,56 | — 356,00 
— 113.71 208,09 — | 372,18| 
— 115, 32 209.65 | 5, — 389,90 
12 116,97 211,27 | — | 409,40 | 
100 — 1138,66 212,93 ws | 430, 94 524,09 6,25 
— 120, 400 214,64 | 5 — 454.89 548,69 6, 20 
— 122, 20 216,41 | — | 481,65 | 575,51 [0,14 
— 124.06 218,22 — | $11,75 | 605,68 6,07 
125,97 220,10 | — | 545-87 | 639,88 [5,99] 
— 127,93 222,03 | 5 — | 584,86 | 678;96 5, 90 
— 129,96 224,3 — | 629,85 | 724,04 5,81 
| — [132,05| 226,10 | — | 682,34 | 770,62 [5,72 
520] — 134.22 228,22 — | 744-37 þ $38,76 [5,61 
585 — 1136,46| 230,43 — 8138,80 913,28 [5,52 
651] — 138,77 232,70 | — 909,78 1004,40 [5,38 
— 141, 16 235,06 — | 1023,51 | 1118,26 [5,25 
— 143,64 237,50 — | 1169,77 1264.0 [5,17 
| — [146,21 | 240,03 — | 1364,68 | 1459,09 [499 
— [148,86 | 242,65 — 1637,62 1732,75 4.87 
— 151,59 245,37 — 2047,03 2142, 33 4.70 
— 154,44 | 248,20 — | 2729,36 | 2824,82 [4,54 
— [157,43] 251,15 — | 4994,04 4189,62 [4,42 
| — [160,53] 254-23 - | 8188,08 [8283,78 4,30 
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Mr. Grivin's Tables 
HEAT 775. 
3 | "M | q I | | | | | 
III.] IV. V. | VIE. | VIE. | VIII. Ss. I. I. 

Kitt Water | Bulk of Diminu- Quan- |Decimal}f Spirit and | Specific |Spirit| Water Bulk of |Dimi-| Quan- Decimal 
by | by | mixture. | tion of | tity of | multi- water by | gravity.| by by mixture. |nuti-] tity of multi- 
mea- measure. bulk. spirit pliers. weight. mea- | measure. jon of | spirit iers, 
sure. | Per cent.. . "of Sure bulk. per cent | 
100] — | 100,00 | 137,78 3,14 72,58 | ,7186: 
— | 0,82 | 100,72 | 138,56 3,18 72,17 | ,7146| 
— 64] 10144 0, 20 6 | 139,33 3,23 7, „710 
. | 2,4 102,10 | | 140,11 13,26 71,37 | 
— |_3-28 | 102,88 | 0,40 _|_149-89 13-30 | 70-98 | 

— | +70 | 109201 | _ | 14106 [3-35| 70959 

ST 1 I | 104,34 | 142,44 [3-39| 70-21 | ,6 
— {| $73 | 105,07 | 143,22 3, 42 69,82 | ,6 
— | 6,55 | 105,81 | 144,00 3,46 69,44 | ,6875 
— |_736 |_106,54 | 144-78 f3-50| 69,06 | 

— $,18 | 107,28 145,56 1354 | 68,69 

— | 9,00 | 108,02 | 92 | 146,35 13-57 | 68,33 | 67 
— 9,82 108,77 | L | 147,13 13,01 67,96 „6730 
— | 10,64 | 109,51 | 147-91 1365 | 67,60 | ,669 
— | 11,46 | 110,26 | _ | 148,69 13,09] 67,25 

— | 12,28 111,01 | 149,48 3.71 66,90 3 
— | 13,10 | 111,76 | 150, 26 3,76 66,55 | ,6589 
— | 13,91 | 112,51 151,04 3,80 66,20 | ,6555 
— | 14,73 | 113,27 151,81 [3,84 | 65,86 } ,6521 
— | 15»55 | 114-02 7_| 152-60 13-87 | 65253 | 

— | 16,36 | 114,78 | 1 | 153-38 3,90 65,9 

— | 17,18 | 115,53 154,17 3,94 64,86 | ,0422 
— | 18,00 | 116,29 | 154-96 3,96 64.53 | 

— | 18,82 | 117,04 | 1 | 155,75 3.99 64,20 | 

— | 19,64 | 117,80 | 156,53 4.03 63,88 6 

— | 20,46 | 118,56 157,31 4,0% 0357 

— 21,28 119,32 | 158,11 179 63,25 | ,6 
— | 22,10 | 120,09 | — | 158,89 [4,13 | 62,93 | ,0231 
— | 22,92 | 120,85 | 2,07 | 82,75| | — | 63,84 | 159,67 14,17} 62,62 | ,6 
— | 23,73 | 121,61 | 2,12 | 82,23" — | 64,65 | 160,46 4.19 62,32 | ,6 
— | 24,56 | 122,38 | 2,18 | 81,72 — | 65,47 | 161,24 14,23] 02,02 

— | 25,36| 123,14 | 2,22 | 81,21 — | 66,29 | 162,04 14-25 | 61,71 | 

— | 26,19 | 123,91 | 2,28 | 80,71 — | 67,11 | 162,82 4.29 61,41 | 

| — | 27,01 | 124,67 | 2,34 | 80,21 — 57.92 163,61 14,31] 61,13 | 

—. | 27,83 |_125-44 232 |_ 79-72 _—_|_68.74 |_164-40 14-34 | 60,83 

— | 28,65 | 126,20 | 2,45 | 79,23 — | 69,56 | 165,19 4,37 60554 

— | 29,46 | 126,97 | 2,49 | 78,75 — | 70,38 | 165,98 4,40 60,25 þ 

— | 30,28 | 127,74 | 2,54 | 78,27 — | 71,20 | 166,76 444 59-97 

— 31,10 128,51 | 2,59 | 77,81 — | 72,02 | 167,55 [447 | 59,08 

— | 31,92 | 129,29 | 2,63 | 7735 — | 72,84 | 168,34 470 59-40 

=" 32,74 | 130,06 | 2,68 | 76,89 — | 7366 | 169,13 [4-53] 59-13] 

— | 33-56 | 130,83 | 2,73 | 76,43 — | 7448 | 169,92 4,56 58,85 

— 34,37, 13160 | 2,77 | 75,99 | — | 7529 | 170,71 |4-58| 58,58 

— | 35,19 | 132,37 | 2,82 | 75,55 | — | 76,11 | 171,50 4,61 58,31- 

— | 36,01 | 133,14 | 2-87 | 75,1 .— | 76,93 | 172-29 464 58,04 | 5747 
—"| 36,83 | 13391 | 2,92 | 74,68 7775 | 173-98 |4-67| 57-77 | 5729| 
— 37,04 134,08 | 2,96 7 4325 — 78,5 173, 86 14-70 57,51 

— | 38,46 | 135,46 | 3,00 | 73,82 — | 79,37 | 174-65 4,72 57-2 

— | 39,28 | 136,23 | 3,05 | 73-40 — | 80,20 | 175,44 [4-76| 57,00 

— | 40, 10 | I 37,01 | 3509 | 72,99 — 81,01 | 76,23 4,78 56,74 | 
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Amal Water and | Specific Spiru Water | Bulk of 
multi- spirit by | gravity. | by by mixture. 
pliers. I weight. | MEA» measure. 
| | | sure. OY 

| L | : | 5 
100+ 10092275 100 | 81,84] 177,04 | 95219 100 163,68 257,34 
923260 — 82,67 177,84 | 95289 — | 167,02 | 64 | 
| — | 83,52] 175,06 95359 — | 170,50 | 264,11 | 
— | 84.38] 179,49 | 71295429) — | 174-13 | 267,71 
— | 85.20] 180,34 95500| — | 177,91 | 271,46 |6,, 
| — | 86,15| 181,20 — | 181,86 | 275,39 
| | — 87.00 182,09 640) — | "186,00 | 279.50 |6 
| — 87.99 183,00 | — | 190,33 | 283,81 | 
l — | 88,95} 183,93 — | 194,806 | 285,34 
'L — | 89.93| 184,89 | — |_ 199,61 | 293,07 6. 
10 78 — 90,93 185,86 | 5 — | 204,60 | 298.03 
1 890.928 30 — 91,95 186,84 | 5 — | 209,85 | 303,26 |6 
* 8892883 — 93.00 187,87 — | 215,37 | 308,77 
1 8792937 — | 94-07| 188,91 | 5. — | 221,19 | 314,59 
34.2222 — | 95,16] 189,97 | : — |_ 227,34 |_ 320,72 |6 
100 + 8593046 — 96,28 191,05 | 52,34 | — | 233-83 | 327,21 
1 8393158 — | 98,60| 193,32 | 5 | — | 248,00| 341,40 | 
| 82]-93215| — 99,80 194,48 | 51,4 — 2535.76 349,16 
8193272 — 101,04 195-98 | 5,36 | 51,10 7\_=_|_204,01 | 357,41 
100 + 8093327 — 102,30 196,91 | 5,39 | 50,78 | — | 272,80 | 366,29| 
79 23385 — [193-59] 198,17 | 5.42 | 59:45 — | 282,21 | 375,03 
78 +93441} — 104.92 199,47 5,45 50,12 _ 295-09 | ot 
771 »93498] — 106.29 200,81 | 5,48 | 49,80 | — | 303,11 | 396,58 
76193555} — 107, 69 202,18 | 5,51 | 49,46 | — |_ 314-77 | 498,25 [6 
100 + 75.936110 — 109, 12 203,59 5,53 | 49-11 — | 327,37 | 420,87 
| 7493670 — 11,59 205,03 | 5,56 | 48,77 | — | 341,01 | 434954 
. 73193728] — |112,10| 206,52 | 5,58 48,42 — 355.83 449,396 
| 7293784 — 113,66 208,06 | 5,60 | 48,07 | — 372.00 466,60 | 
|__©® 71193847] — |115,27 | 209.62 | 5,65 | 47-70 | 4723 _21/-97360| — |_ 389724 483-35 
* 116,92 211,24 | 5,08 47.344687 0 + 2097451 — 409,21 502, 89 |C 
* 6993969 — 118,50 212,90 | 5,70 | 46,97 | 4051 I9| 297538] — 430,74 524,45 
1 68.940310 — [120,35 | 214,60 | 5,75 | 49:59 | 4014 18| ,97627| — | 454-07 |' 548,47 
| 0671-94994] — 122,14 216,37 | 5,77 | 40,22 | 4570 17197718] — 481,42 575,28 
65694157 — 124,00 218,18 | 5.82 | 45,83| ,4538] 16|,97810| — 11,81 605,43 
[100 + 6594222 — 125,91 220,0, | 5,86 | 45:44 | 449 $190 + 15/,97905| — | 545-01 | 639,61 
1 6494285 — 127,87 221,99 | 5,88 | 45,04 | 4400 14|,98003] — | 584,58 | 678,58 
63]-94350] — 129,90 223.98 | 5,92 | 44-04 | ,4421 13.9810 — 629,56 723,73| 
62] 94415} — 131,99 220,05 | 5,94 | 44:23 | 4380 1298203 — | 682,02 | 776,29|5 
* 61944810 — [134,16] 228,18 | 5,98 | 43,82 | ,4339 1198310 — | 744-02 | 838,40 
Ico + 60| 94540 — 136,390 230,38 | 6,01 | 43,41 | ,4297 00 + 10|,98418|] — 818,42 9142 89 
5994513 — 138,70 232,65 | 6,05 | 42,98 | ,4256 9.98533 — | 909-36| 1003.96 
| 58.946800 — 141,09 235 01 | 6,08 | 42,55 | ,4213 898651 — | 1023,03 | 1117,76 
$71 94747] — [143-57 | 237-45 | 6,12 | 42,11 | ,4170 7] 98775] — | 1169,21 | 1264.03 
56.948100 — [145,14| 239.98 | 6,16 | 41,67 | ,412 6598902 — 1364.04 1459,02 
100 + 55.948820 — 148,79 242.00 | 6,19 | 41,21 | 4081 0 + 5.99030 — 1036,85 | 1731,95 
| 54\ »94948| — [151,52| 245-31 | 6,21 | 40.76 | ,4036 4.99176 — | 2046,00 | 2141,34 
$3] »95916| — [154,37] 248,15 | 6,22 | 40,30 | ,3990 3.99323 — | 2728,08 | 2823,50 
_ $2],95084| — [157,36] 251,09 | 6,27 | 39,83 | 3943 2] ,99476| — 4092, 12418), 66 
— $1} 95151] — [100,45] 254.18 | 6,27 | 39,34 | »3895 1.99636 — 8184,23 8279 90 


- 


Mr. Gil pm's Tables 


HEAT 789. 
eee, TI. 
VII. VII. I. u. 
u- Quan- Decimalſſ Spirit and Specific piri 
tity ob | multi- water by * | 
spirit — Ap 
| er cent. | 
wed e 
30 100 — | 100,00 | — ioo, oo — 100 + 5 „8887 5 100] 40,90 13777 3-13] 72559 | ,7182| . 
| — | $82 | 100,72 | 0,10 .| 99,29 9824 51 4 — | 41-72 | 138,55 3,17 72,18 | 7142 __ 
— | 64 | 101,44'| 0,20 | 98,59} 9755 32,8955 — | 42,54 139,32 3,22 71,78 | „102 | 
— | 2546 | 102,16 | o, 3097,89 9686 531891480 — [43,35 140, 10 3,25 71,38 | % 
esse | 97,21] 96180] 48223 — 4414.88 3.29 70,99 | ,7024| 
— | 4-99 | 103,00 | 0,49 | 96,52} 955th [100 + 55] -39321] — | 24-99 | 141,65 [3,34] 70,60 | 698; 
— | +91 | 194434 | 0,57 | 95-85| 9484 56] ,89406] — | 45,81 | 142,43 3.38 70,21 | ,6947 | 
— 1 5-73 | 105,07 0, 66 95,18} ,9418}} 57 09489] — , 143-21 3,41 69,83 og | 
— | 655 | 105,81 | 0,74 | 9452] 9352 $58] 89572] — | 47:44 | 143-99 [3:45 69345 | 6872 
=_|._7-36 |_106,54 | 0,82 | 93,86] 9287. 5F--8965 3 —_|__48,20 | 144-77 [3-49| 99,07 | 6835 
— | 8,18 | 107,28 | 0,90 | 93,21} ,9223 es + 56 89733) — | 49-98 | 145,55 3.53 68,70 | ,6798| 
— | 9,82 108,77 1,05 | 91,94 9og8 SY 62 89888 — 50,71 147,11 13-60 »97 56726 
— | 19,63 | 109,51 | 1,12 91,31 9035 6389964 — | 51:53 147; 89 [3>04| 67,01 | ,6690 
= | 11-45 | 119,26 | 1,19 | 90,69} 8974] 6490039 — | 52,35 | 148,68 3,67 67,26 | ,6655 
— | 12,27 | 111,01 | 1,26 | 90,08 8914 [00 + 65 90113 — | 53,16 | 149,46 [3,70| 66,91 | ,6620 
— | 13-09 | 111,76 | 1,33 | 89,47| 8854] G66|,90188] — | 53,99 | 150,24 3,75 | 66,56 | „6586 
— 113,91 | 112,51 1,40 | 88,88| „8795 6790262 — | 54,81 151,02 3,79 65,21 | 6552 
— 14,73 113,26 | 1,47 | 88,28| 8736 _ 68|,90336| — | 55,62 | 151,80 3,82 65,87 | »6518 
— | 15,54 | 114,02 [_152 _87,70|_8678 8678 69,90 — 56.44 | 152,58 3,86 65,54 | 6484 
— "| 16,35 | 114,78 | 1,57 | 87,13| 8522100 + 70|,90477] — | 5726 | 153,36 3.90 65,20 | ,6451 
— | 17,18 | 115,53 | 1,65 86,56 8565}  71|,90547] — | 58,08 | 154,16 3,92 64,87 | ,6419 
— 18,00 116,29 1 85,99 58509 1 72 90615 — 58,89 154,94 3795 4254 56386 | 
— | 18,82 | 117,04 | 1,78 85,44 8454| 73] 290683] — | 59,71 | 155,73 |3-98| 04,22 | 6354 
— | 19,63 | 117,80 | 1,83 | 84,89| ,8400|[ 74| 90749] — | 60,53 | 156,51- (4.02 63,89 | 6322 
— | 20,45 | 118,56 | 1,89 | 84,34 | „8346100 + 75|,90816} — | 61,35 | 157,29 4.06 63,57 | ,6290 
— | 21,27 | 119,32 | 1,95 | 83,80| 8293 765908800 — | 62,17 | 158,09 4,08 63,26 | ,6259 
— | 22,09 | 120,08 | 2,01 | 83,27| 8240 - 77|-90945| — | 62,99 | 158,87 4,12 62,94 | ,6228 
— | 22,90 | 120,84 | 2,06 | 82,75| ,8188]] 78,91008 — | 63,81 | 159,65 4.16 62,63 | ,6197 
— | 23,72 | 421,69 | 2,12 82,23 8137] 2991021 — | 64,62 | 160,44 [4,18 | 62,33 | 36167 
— | 2454 | 122,37 | 2,17 | 81,72| 8086100 + 80|,91136] — | 65,44 | 161,22 4.22 62,02 | ,0137 
— | 25,35 | 123,14 | 2, 2181,21 8036]  B81|,91195] — | 66,26 | 162,02 [4,24 | 61,72 | ,0107 
— | 26,18 | 123,91 | 2,27 | 80,71| ,7986| 8291255 — | '67,08 | 162,81 [4,27 | 61,43 | ,6078] 
— | 26,99 | 124,67 | 2,32 | 80,22| 7937 83| 91315] — | 67,89 | 163,59 [4,30| 61,13 | ,6049] 
— | 27,81,| 125,44 | 2-37 | 79-73|_»7389 84/-91374|_— |_68,71 | 164-38 14,33 | 60,83 | ,6020] 
— | 28,64 | 126,20 | 2,44 | 79,24 | ,7841|10&+ 85|,91432] — | 09,53 | 165,17 430 60,54 | ,5991 
— | 29,45 | 126,97 | 2,48 | 78,76| ,7793| 86] ,91490| — | 79,35 | 105,96 14,39 | 60,26 | ,5902| 
— 30, 27 127,73 | 2,54 78,28 ,7746| 87.9154 — | 71,17 | 106,74 4,43 59298 | ,5934 
— | 31,09 | 128,51 | 2,58 | 77,81| ,7700 8891603 — | 71,98 | 107,53 4.45 | 59,69 | „590 
— | 31,90 | 129,28 | 2,62 | 77,35 | 7654 || 8921659 — | 72,80 | 108,32 14,48 | 59:41. »5878 
— 32.72 I 30,00 2,66 76,89 7609 100 + go 91713 — 73,02 | 169,11 4,51 59,13 55851 
— | 3354 | 130,83 | 2,71 76,44 7564 9191767 — | 74:44 | 169,90 [4,54 | 58,86 | ,5824 
— | 34-36 131,59 | 2,77 | 75»99| »7519 g92|,91821] — | 75,25 | 170,69 [4,56| 58.595797 
— | 3517 | 132,30 | 2,81 | 7555 | „7475 9391875 — - 76,08 | 171,48 4,0 58,32 | ,5770 
— | 35-99 | 133-13 |* 2,86 75,11 2432 94 291928 | 76,90 | 172,27 4,63 58,05 | ,5744 12 
— 36,87 | 133,90 | 2,91 74.58 7389100 + 9591979 — | 77-71 | 173,06 465 5778777 ioc 
88496 — 37.62 134.67 | 2,95 74.25 ,7347]] 96.920300 — } 78,52 | 173,83 4.69 57.525 25 | 
— | 38:44 | 135-45 | 2-99 73,83 7305 97] 92031] — | 79,33 | 174-63 , 5726 | ,50 
— | 39,26 | 136,22 | 3,04 | 73,41 | ,7264 || g98| ,92131] — | 80,16 | 175,42 (4.74 57,00 | ,5041 
„887844 — | 49,08 | 137,00 | 3,08 | 73,00 72231 99] 92182 — 80, 97 176,20 4,77 56,75 „5616 
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Iii LEE LELEFELETS] 


— 


eee 


127,81 
1 29,84 
131,93 
134,10 


120, 29 
122,08 


123-94 


125,85 
| 221,95 | 5 
223-94 | 

226,00 
228,13 | 


— 


220,01 


138.64 
141,02 


143-50 
146.07 


148,72 
1 5 1545 
154.30 
157,28 
160,38 


136,33 


230, 33 
232, 60 


234-90 | 
237-49 


23993 


| 242-55 


245,26 


248.09 


251,04 


25413 | 


ine [Spirit] w Bulk of 
ity. by by {| mixture, 
measure. 
100 163,60 
phe | 166,94 
— 170,42 | 
ON 17405 6 
— | 17783 | 271,39 
— | 181,78 | 275,32 
— | 185,91 | 279-43 
— | T9024 | 283,74 
— | 194-77 | 288,26 6,51 
— | 199,52 | 292,99 6 
—1 | 9795 
— | 209,75 | 303,18 
— | 215-27 | 308,69 
— | 221,08} 314,50 6,58 
_— |.222:23 |_ 329-64 [9.59 
— | 233,72 | 327,11 6,61 
— 24,9 333-99 6,60 
— | 247-89] 341,30 
96474] — | 255-04 | 349,05 
100 + 30| ,96624| — | 272,67 | 366,08 6,59 
*1 '967 ö — 282,08 375,50 6,58 
96777 — 292,15 385,50 
96855 — | 392-97 | 396,44 
 26|,96933] — | 314-02 | 408,10 6,82 
100 + 25|,97013] — | 327,21 | 420,72 6, 9 
4.97093 — | 34985 | 434-38 [6,47 
97175 — | 355-66| 449-22 |6 
97259] — | 37183 | 406,43 6 
2197343 — |_ 389-54 | 483-17 [6,37 |_: 
100 + 20 27479 — | 409,02 | 502,70 2 
9975100 — | 139,54 524127 
3 97606 — | 454-40 | 548,20 |6 
17597697 — | 481,20 | 575,05 
162222 — 122 60518 | 
100 + 15 N 7-9 8855 
"28082 — | 629,26| 723,42 
98185 — | 681,70 | 775,96 |5, 
28292 — | 743-07 |_838,04 [5,6 
1 =. 6+ 912,49 
910 —= | YJOUHJ | NOU3L32 
; „ — 1022,55 1117,26 
798759 — 1168,55 1263,46 
6.28887 — 1363,40 1458,35 
o0 + 5599021 — 1636,08 1731,16 
4.99161 — 2045, 102140, 35 
399308 — 2727, 80 2822, 19 
2599462 — 4090, 20 4185,70 
199622 — 8180, 39 8276, 03 
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„ ai 
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HEAT 799. 
FTE. 
2 1 Diminu- Quan- Decimal I Spirit and 
_—_ 7 tion of | tity of multi- water b 
WEIYNT. bulk. spirit | pliers. ff — 
a | per cent — 5 
I _ — 3 
Be 1 Sp. + W. : 1 
100 + 0, 81580 100] — | 100 4 Wa | 1 | — 
eee: 88825) 100 | 40.88 | 137,76 8:73 72.727776 
2|,82037] — | 1,63 | 101,43 | 0,20 | 98,59 = | 2 * =” — | 41-70 138,54 3.16 72,18 ,7138 
31582258 — | 2,45 | 102,15 | 0,30 | 97,89 "2680 | 5 —_— w_ 42,52 | 139,3JI [3,21 | 71,78 »7 098 
482472 EW 3,27 | 102,87 0,40 97,21 9612 * 89178 Wn, 43733 140, 09 3.24 71,39 57059 
1 7288 — | 4:09 163.80 8549 1 — * Wo | 4415 140,87 3-28| 71,00| ,7020f 
6|,82885| — | 4,90 | 104,33 | 0,57 A — 2 3973 81 7 141,64 3.33 70, 60 ,6981| 
783084] — | 5,72 | 105,06 | 0,66 | 95,18 9412 _ | 1-7 1 
 8$[,83278] — | 6,54 | 105,80 | 0,74 94,52 9346 58 2 =» 1 143-20 3,40 09-83] 6905 
1 | 9 83458 . 7735 106, 5 3 | 0,82 93,86 »9281 | 5 * 3 == | 143-98 3,44 69.45 | ,6868 
100 + IO 8365 2 — 8,18 | 107,27 0,91 03-22 _ — — —.— CS , 4 1447 3,48 | 69,07 »0831 | 
* 11]:83333] — | 9,00 | 108.02 | 0.98 | 92:58] 9155} 676% — | 49.87 3. 5 | 68.74 6/2 
nee e 
1384182 — 10,63 109,50 | 1,13 | 91, 32 „9030 r e . 47-10 13-59] 07297 | 0723] 
3 14 584351 — 11,45 110 26 1 19 | 90 2 9 3 | | 3 , 991 * 51,51 147,88 3.63 | 67,61 „568 1 
* — ,26 | 1,19 90,0 8959] 64.899 — | 52.32 | 148,66 3,55 6 4 
100 + 15 84516] — | 12,27 | 111,01 | 1,26 | 90,09 | 958 00 _= - $22. 13091 87.30 | 051 
16] ,84678] — | 13:09 | 111,76 | 1,33 | 89.48 "3348 our COIN = | 02th | O05 np] ge | oy 
17] 84837] — | 13,90 | 112,51 | 1,39 88.888790 FER 
18084993 — 14.72 113,26 | 1,46 88,29 ,8731 i 151,01 13.77] 66,21} ,6549] 
19-85 146 — | 15,54 | 114,02 | 1,52 | 87,70| 8673 | 69 — 5 76.41 $23.57 1 2 Fo 
100 + 20,85 298 — | 16,35 | 114, 8 | 1, R | — =! e 
e , e ee e e 
1 22 85 592 — | 17,99 116,28 | 171 86, oo "Road os —_— —. | $9005 15415 3.90 64,87 6416 
2385735] — | 18,81 | 117,03 | 1,78 | 85,45| 8449 72] 90569} — | 58,86 | 15492 13,94] 64,54] 6383 
1 2485877 — | 19,62 | 117,79 | 1 33 * 22 7390537 — | 5968 | 155-71 3,97 6422 0351 
Nr nr . — — 24.2283 — J. 00,50 159-49 4-01 | 03-90Þ 0319] 
26| ,86151] — | 21,26 | 119,31 | 1,95 | 83,81 22 + mm — | 61,32 | 157,28 [4,04| 63,58 „6287 
27] ,86284| — | 22,08 | 120,08 | 2,00 | 83,28 82 1 7 2 2 lg 158,07 |4,07 | 63,26| ,6256 
28 586416 . 22,89 | 120, 84 | 2,05 82,76 — | a »90 2 1 2 158,85 4˙11 62,95 | 0225 
___ 29] 86545| — | 23,71 |_121,60 | 2,11 | 82,24 8132 ES | — 3 22 l 
100 + 30, 86670 — | 24,53 122,37 | 2,10 81,73| „8081100 + 80-910 — —-—— — — 
31 86796 ad 25,34 123,13 2,21 81.22 8031 + he 2h — | 2 161,20 4721 02,03 6134 
32 86920 — 26,16 123,90 | 2,26 80,72 7982 2 1 | 6 523 162,00 423 6173 56104 
3387041 — | 26,98 | 124,66 | 2,32 | 80,22 TY g 2 3 R * 102,79 426 61,43] „6075 
225 — | 27,80 | 125-43 | 2:37 2220288 84 e 
100 + 35 587276 — 28.62 126,19 2,43 | 79,24 77835 | 8 1286 — — - X i 4232 $35 0,64 6017 
36 587389 — | 29,43 126,96 „„ 78 76 3 * * 3 | 09,50 105,15 4735 60,ů 5 „5988 
| 3758750 — | 30,25 | 127,73 | 2,52 78,28 4 7 $44.4. 6 292 9 5594 mo — . 
38| ,87610| — | 31,07 | 128,50 | 257 77,82 ,7696| 33 72 |4.4i] 59-98] 5931 
2334487219. — 31.89 ** ny 4 haps: 22 | 9 4 "| 08 0752 444 59-09] 593 
100 + 40.878244 — | 32,71 130.05 | 2,66 76,90| 750510 + gcl 1668) — - — — 230 [4:47 | 3947 25375] 
41,893 — | 33-53 | 130,82 | 2,71 | 76,44| ,7560 N 73-59 | 109,09 450 59,14] 5249 
42] 88038] — | 343+ | 131,58 | 2,76 | 76,00 ind | po w_— 
141388143 — | 35.16 | 132,35 | 2-81 75,56 917760 — | 75-22 | 170,67 4.55 38.59] +5794 
—̃ . 1353s | oe 475501740 93] 91830) — | 7604 | 17146 f. 58.32 570 
[759 T45 8834 — || 36,80 | 133.89 | 2:91 | 74,59] 7385100 + 3 — — ——õ . 
46.884480 — 37,00 134,66 2,94 | 74,26 7343 % ——— = = 7 - 765 4 5680 
| 47 88546 — 38,42 135,44 2,98 | 73,83 — . 12 — , , 07] 5753} 250 
| 48|,88642| — 39,24 136,21 | 3-03 | 73,41 | ,7260 41 37] — | 79-29 | 174-61 [4.68] 57,27 5663 
: "red £4 980.9 2087 — | 80,12 | 175,40 4. 2 57,01} 5038] 
4. 736 2 40,06 | 136,99 | 3-07 | 73-00 | »7219 _ 99192138 — 80,93 176,18 [4,75 56,75| ,5013 


for Spirituous Liquors. 


TABLE II. HEAT 799. 
ry * — — — 8 11 
14 11 un. ry | V u en _ 1 | 4 1 5 
* 1 * 1 2 1 1 . VIII. * II. III. IV. 5 V. VI. VII. VIII. 
ns | 0 iminu- SO im 1 : 10 | 1 R 
in by ser by | by" ale, tio of | tap | mal: Pte | gran. by | by | mixture, ee, ey of | mai 
weight. | X 5 ds , . | . — m A 
8 | = * bulk. 2 pliers. Il weight, mea- measure on of . — 
| 4 | 3 3 1 bulk. per cent.“ | 
W. —— 8p. | W. + Sp | | | | — n 
2 eee WAL E kl 
100+ 100. 92 180/100 81.76 176,98 | 4,78 | 56,50 | ,5587 100 + 50[,95147| 100 16 
| 92 — — 2 ul by 23 56,24 336: | Ian 24g 168,86 2 2 3835 — 
95)» — 3:44 17 „01 | 45 3 5 5,98 5536 | 48 95288 — 170,3 | 26 6, 1 2 88 N 6 | 
97 »92337 * 84,30 179,44 4,86 „72 „11 $44 3 , +] 3-97 537 37. 5374 
e eee ee e 
100 + 95.924377 — 867 131,15 | 4:92 | 5520 579 60 + 45 955 187,69 2 r 
e e e 
9392527 — | 87,91] 182,95 | 4,90 | 54-66 | „5405 > _ be! 4 « as 279 | 53 
22 5, — 28. 18988 4% 565 5% 1 74 — 19460] 288n9(6:49] 3470 | 3452 | 
— 92639 — 89,85] 184,84 | 5,01 | 54,10 | 25350 8 4195787 I 1 | FE * | 47 5 8 
00 + 90/9269] — 90.85 | 185,81 | 5,04 | 53-82 | >5322 18 + 45| 95858] 26441 297.8 G; = = 
e e e ee ESE 
8892797 — 92,91 187,81 | 5,10 | 53,25 | 5265 r ab SO OT IST oror f 
| 87.928510 — | 9398] 188,85 | 5,13 3 57 3 26076 — e | e 8.86 N by 9% | 
86.29% — | 9507 | 189.91 | 5-16 | 52-65 | ,5207 6.96149] — e 
100 + 85|,92960| — 96,19 191,00 | 2 22514 — }_ 227-13} 320,561.57 | 31-20 | 23095 
, — 956,19 191,00 | 5,1 2,35 | ,c17 T s — 
FFC 
3.93072 — 98,300 193,25 | 5,25 | 51,75 | 5117 if F N "S R 
92.3129 — | 99570] 19442 | 5-28 51,43 356 32 96445 — 255.52] 348.975,38 28.86 2 
5 > 293187] — [100,95 | 195-62 | 5-33 | $L12 | 5055 | 31] 296521] — 263,76 357,08 6.58 28,00 ada 
100 + 80|,93243| — 102, 200 196,84 | 5,36 | 50,80 | ,5023 oo 96595 — "al * — E 
| 7993301] — [103,49] 198,10 | 5.39 | $0.47 IP -| ol Dolan ol 
78| 93357] — [104,82] 199,40 | 5,42 50,14 4959 28|,96750| — | 292,01} 38 pet pb 26, H. 58 | 
77|,93414| — [106,19] 200,74 | 5,45 | 49,81 | ,4920 27 ,96829 _ — * *. 24 122 21 *. (| 
—___ 76|-93472|_— |197:591_202-11_| 5:48 | 49-47 |-4893 26| ,96908| — 314-47 | 2225 25 24.51 _ 
100 + 75|,93529) — 109,02 203,51 | 5,51 | 49,13 +4859 186 + 25] 96988] — 327,06 — 5 2 = — 
| 74 193308 — 110, 49 204.96 | 5:53 | 48,79 4825 2497669 — | 340,69 454.20 = 23.04 5 | 
73.9354 — [112,00] 206,45 | 5,55 | 4844 | 479 [ 23971510 066,43 22.27 
1 | a — | 355-49] 449-06[6,43| 22,27 | 2203 
72193702 113,55 207,98 | 5,57 | 48,08 | „4755 22| ,97236| — | | 
e e ee EKE@adLrFO rr 
100 + 70,9382 — 116,80 211,16 | 5,64 | 47,36 4083 00 + 20,974 — 408,83 5251 853 : 4 a 
2 A 93888 — 118,49 212,82 | 5-67 46,99 4647 19 97.9 — | 430.34 524.07 6,27 19,08 E 
6893951 — 120, 23 214,52 5,71 | 46,61 | ,4610 | 18 „ N x ö 
67.940144 — 122, 2 216,29 46 r 454-25] 545:04[6,21] 18,24 | 1804 | 
| 2 5 9 bl 72 7 2 , | . N * E | | 
r 
oF 69416 — 1257 2197 | 582 45.46 45 [1700 1597865 — 388. — — 
n 
03 594272 — 129.78 223, 90 5,88 44,06 4417 Y Le 8056 | F 3 ks 5 5 5 , 2 | 
| 62 94337 — 131,87 225,9 — | 5 1 70 | 3] 299003] — 28,97 22212 5,85 13,83 1367 | 
ho ee e rental EEE neg ane 
100 + 601,94469] — 113627] 230,28 | 5,99 | 43-43 24294 100 + 10|,98384| — | 817,65 a KD - 4 4680 
5994537 — 138,57 232,55 0,02 43,00 ,4252 9.58499 — | 998,51 1003.08 2 
5894604 — 14,95 234-91 | 6,04 | 42,57 | >4209 8.98619 — | 1022,07 276,7 825 
5794671 — 143,43 237,35 6,08 | 42,13 | ,4166| 7 98743 — 1168,0 1262,3 wn 2 
— 85.2427 — 1146,00 239,88 | 6,12 | 41,69 | 4122 6|,98872] — * . Seay". 5 iy + 
100 + 5594806 — 148,5 | 242,50 6,15 | 41,23 14078 10 + 5 ,99006| — | 1635,31 7770 9 . 
5.494874 — 151,38 245,21 | 6,17 | 40,78 | ,4033 430 — My 17 2371494 57 + 
| 53594942] — [154,23 248,04 6,19 40,32 3987 | 3| 992 -—— , : 2 2 407 „0402 
| 52.950100 — [157,21] 250,98 | 6.23 | 39,84 | ,3940 | 2 3 — Fe. * * „ 
| 3 5,314.5 125 1 39-36 | 3893 l 1 22⁵⁰ — 8176,55 8272,15 4.40 15,21 0120 } 
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VII. 

i] Quan- 
uy of | 

| Spirit 

be Per cent. 
100 + 0,3150 100 — | 100,00 | — 100, 0,9882 100] 40,86 | 137,75 3,1172, 60 

| I 81761 — 0,82 | 100, 710, 11 | 99,29] 9812 — | 41,68 138,53 3,1572, 19 

= | 2|,81987| — | 1,03 ) 101,43 | 0,20 | 98.59 59743 — 42,50 139, 30 3,20 71,79 

| 3|.82207| — | 2,45 | 102,15 | 0,30 97,89 -9674|] — | 43-31 | 140,08 3, 23 71,40 

| __4|:$2422| — |_3-27 | 102-87 | 0,40 | 97,21 | 9606} — |__44-13 |_14086 3,27 71,01 

100 + 5 582631 — 4,09 103,60 | 0,249 ( 96,52 | »95 39] | — | 4495 141,03 3732 70, 61 

6.82835 — [490 104,33 0257 95,85 94724 — | 45-77 142,41 3,36 70,22 

| 283034 — | $72 | 105,06 | 0,66 | 95,18] 940 | — | 46,58 | 143,19 3,39 69,84 

| 883228 — | 6,54 | 105,80 | 0:74 | 94:52] 9340 — | 47:49 | 14397 3˙43 69-46 

| 283418 — 235 106,53 | 0,82 | 93,86} ,9275 | — . 49-22 | 144,75 [347 | 69,08 

— 8,17 107,27 | 0,90 | 93,22| 9212 | — | 49-04 | 145553 [3-51] 08,71 

— | 8,99 | 108,01 | ©,98 | 92,58] 9149 — 9.85 146,31 3,5468, 35 

— 9.81 108,76 | 1,05 | 91,95| (9087 — | $5007 | 147,09 [3,58] 07,98 

— | 10,62 | 109,50 | 1,12 | 91,32| ,9025 — $5149 | 147-87 [3,62| 67,62 

— | 1144 } 110,25 | 1,19 90,0 8964] — 2.39 |_148,65 13,65 | 67,27 

— | 12,26| 111,00 | 1,26 | g0,09| ,8903| — 33.12 14944 3,68 66,92 

— | 13-08 | 111,75 | 1,33 809,48 8843 ml 53-94 | 150,22 3, 72 66,57 

— | 13,89 } 112,50 | 1,39 88,88 „87844 5 Fn Wo} 151,00 [3,7 »22 

. | 14,71 | 113,26 | 1245 88,29 „87261 | eat — 35557 | 151,78 [13,79 65,88 

— | 15-53 | 114-01 | 152 | 87,71 856816 691290314 — _$0,39_ 152,56 3-83| 65,5 5 

een | 16,34 114,77 | 1,57 | 87,13] ,8611100 + 70 90385 — | 57,21 | 153,34 [3,87 65,21 

wi E 115,52 1,64 | 86,56 „8555 7.90454 — | 58,03 | 154,13 3,90 64,88 

— | 17,98 | 116,28 | 1,70 86,00| ,8499 | 72|»90522] — } 58,84 | 154,91 3.93 04,55 

— | 18,80 | 117,03 | 1,77 85,45 ,8444| 73 pe "ua — | $59, 155,70 13, 4523 

— 119,61 117,79 | 1,82 4.908390 7420657 — | 60,48 150,48 14-00 | 2391 

— 20,43 118,55 1,88 84,35 15 + 75 »90723 — 01,29 157,27 4.502 63,59 

— | 21,25 | 119,31 | 1,94 83,81 8283 76|,90738| — | 62,11 | 158,05 4,06 63,27 

— | 22,07 | 120,07 | 2,00 83, 28,8231 7790853 — | 62,93 | 158,84 [4,09| 62, 

— | 22,88 | 120,83 | 2,05 | 82,76| ,8179]} 78| 90917] — 3-75 159,62 [4,13| 62,65 

— | 23,70 | 121,59 | 2,11 82,24 „81286 799989 n_ 1 160,41 4-15 62,34 

— | 24-52 | 122,36 | 2,16 | 81,73| ,8077 100 + 80, 91046 — | 65,38 | 161,19 4.19 62,04 

— | 25,33 | 123, 122, 2181, 22,8027 8.91103 — | 66,20 | 161,98 [4,22| 61,74 

— | 26,15 | 123,89 | 2,26 | 80,72 7977 8291163 — | 67,02 | 162,77 4,25 61,44 

— | 26,97 | 124,65 | 2,32 | 80,23| ,7928 83|,91223] — | 67,83 | 103,55 [4,28| 61,14 

— | 27279 |_125-42 | 2-37 29.242880 8421282 — | 68,65 | 164,34 [4,31| 60.85 

— | 28,60 | 126,18 | 2,42 | 79,25| „7832100 + 85],913490| — | 69,47 | 165,13 4.34 60,56 

— | 29,42 | 126,95 | 2,47 | 78,77| 77844  86|,91398] — | 70,28 | 165,92 4,36 60,27 

— | 30,24 | 127,72 | 2,52 | 78,29| ,7737 8791455 — | 71,10 | 166,71 4.39 59,99 

— | 31,06 | 128,49 | 2,57 77,82 7091 88091511 — | 71,92 | 107,49 4,43 59,70 
— | 31,87 | 129,26 | 2,61 | 77,36| ,7645 89| 91507] — | 72,74 | 168,28 4.46 59,42 
| — | 32,69 | 130,04 | 2,65 | 76,90| 7500100 + 90,9622 — | 73,55 | 169,07 4.48 59,15 
? — | 33-51 | 130,81 | 2,70 76,45 7555 9191677 — | 74237 | 169,86 4.51 58,87 
; — | 34:32 | 131,57 | 275 76,0 ,7511t 92.9173 — | 7519 | 170,65 4,54 58,60 
; — | 35>14 | 132,34 | 2,80 75˙56 „7467 93191785 — | 76,00 | 171,44 4.56 58,33 
; — | 35-96 | 133-11 | 2:85 | 75,12| ,7424 94218380 — | 76,82 | 172,22 [4,60| 58,06 
f — | 36,78 | 133-88 | 2,90 74,09 73810 + 95,9189 — | 77,64 | 173,01 4,63 57,80 
f — | 37-59 | 134-65 | 2,94 7426 7330 [ ñ⁶ſ 96.9194 — 78,45 173,79 466 57,54 

— | 38,41 | 135,43 2.98 73,84 7297 9791993 — | 79-26 | 174,58 68 57-2 
k — | 39,23 | 136,20 | 3,03 73,42 7256 98|,92043] — | 80,08 | 175,37 (4,710 57,02 
— | 40,04 | 136,98 | 3,06 73,01 7215 991920934 — | 80,90 | 176,16 [4,74| 56,76 


for Spirituous Liquors. 


TABLE II. HE AT 800. ö 
I. I , [0 Iv. | V.-IvL 
Water and | Specific |Spirit} Water | Bulk of Diminu- Quan- |Decimal|} Water and | Specific Spirit Water | Bulk of Dimi- 
spirit by | gravity. | by by mixture. | tion of | tity of | multi- spirit by | gravity. | by by mixture. | nuti- 
weight. | | mea- measure. bulk. spirit pliers. {| weight. | mea- measure. on of 
| sure. 7 ber cent 1 | sure. | bulk. 
. + Sp. | | | . + Sp. | 5 
100 ＋ 100,92 142 100 | 81,73] 176,96 | 4,77 | 56,51 | ,5584 00 + 50.951110 100 163,45 | 257,16 6, 29 
99] 92192] — 82,56 177,77 | 479 | 5625 | »5559 49]95181| — | 166,79 | 260,46 6,33 
98|,92242| — 83,40 178,59 | 4,81 | 55,99 | 5533 48.9252 — | 170,26 | 263,91 6,35 
9792293 — 84.26 179,42 | 484 | 55,73 | 5508 4795324 — | 173-39 | 267,50 [6,39 
2522343 — | 85,14 | 180,27 | 4.87 | 55,47 482[ & 46195395] — | _177-66 271.25 6,41 
100 + 951-92393| — | 86,03| 181,13 | 4,90 | 55,21 | 5456 00 + 4595467 — | 181,61 2758 [0,43 
9492443] — | 86.94| 182,02 | 4,92 | 54,94 | -5429]| 4455380 — | 185-74 | 279-29 (6,45 
_ 93192493] — | 87,87| 182,93 | 4,94 | 5407 | 5492 43|»95610| — | 190,06 | 283,60 [6,46 
921592544 — 88,83 183,86 4,97 54.39 »5375 42 95682 — 19459 288,11 6,48 
21.9285] — | 89,81| 184,81 | 5,00 54115347 4195254 — | 199-33 | 292,83 6,50 
100 -+ goſ,92 46 — | go,81| 185,78 | 5,03 | 53,83 25319 100 + 40] ,95826| — | 204,32 297,79 6, 5 3 
| 89.926990 — 91,83 186,77 | 5,06 | 53,54 | »5291 3995898 — | 209,56 | 303,02 6.54 
283.9253 — 92.87 187,78 | 5,09 | 53,26 | 262 3895970 — | 215,07 | 308,53 6,54 
| 871 -92807] — | 93-94 | 188,82 | 5,12 | 52,96 | ,5233 37]-90044| — | 220,88 | 314.34 [6,54 
|  B861,92862| — | 95,04 | 189.88 | 5,15 | 52,66 | ,5204 3696118 — | 227,02 | 320,47 [6,55 
100 + 85|,92917] — 96,15 190,96 5519 | 52 36 | „5 175 ioo + 35|,90192] — | 23351 320,92 6,59 | 
38492973 — | 97,29 192,07 | 5,22 | 52,06 | 5144 3496266 — | 240,37 333,79 6,58 29,96 
83.930290 — 98.46 193,21 | 5,25 | 51,75 114 33|-96341] — | 247-060 | 341,09 6,57 29,32 | 2898 
| 82 93086 — 99,66 194,38 | 5,28 | 51,44 „5083 32] ,96416| — 255.40 348,83 6,57 28,67 2833 
8193144 — 10,90 195,58 | 5,32 51,13 55052 31 »90492| — |. 263,64 357.07 0,57 28,01 | ,2708 
100 + 80[,93z01| — |102,16| 196,80 | 5,36 | 50,81 | ,5021 [[100 + 30,9568 — | 272,42 | 355,85 [6,57| 2 
f 7993258 — 103, 45 | 198,07 | 5.38 | 50,48 | ,4989 29] ,96645| — | 281,82 | 375,26 6,56 26,65 
78 93315] — [10477 | 199-37 | 5-40 50,15 >4957 || 28| ,90723] — | 291,88 | 355,34 6,54 25-95 
| 7793372 — |106,13| 200,70 | 5,43 | 49,82 | 4924 27] 96802] — | 302,69| 396,16 [6,53 
__76|-93439| — |107,53| 202.07 | 5-46 | 49.48 | 4890 _26| ,96882| — 314. |_ 497-81 [6,52 
100 + 75|,93488| — 108,97 | 203.48 | 5,49 | 4914 | 4850 00 + 2596963 — | 320.91 | 420,42 [6,49 
7493546 — [110.44 | 204,93 | 5,51 | 48,80 | 4822 24! ,97045| — | 349-53 | 434-07 6.46 
7393605 — 111,95 200,41 | 554 | 48,45 | 4788 2397128 — | 355-33 | 448-90 [6,43 
72| ,93664| — [113,50| 207,94 | 5,56 | 48,09 | ,4753 22|,97212] — | 371,49| 406,09 [6,40 
222221 — |115.10| 209-51 | 5-59 | 47,73 | 4717 21| 97298 — | 389,18 482 81 6,37 
100 + 79|,93785| — [116,75 | 211,12 5,63 | 47,37 | „4681 [lo ＋ 20|,97385| — | 408,64 | 502,32 [6,32 
| 69] 93847] — [118,44 | 212,78 | 5,66 | 47,00 | ,4645 19 97473 — 430,14 523-87 6,27 
C _ 68|,93910| — [120,18| 214.48 | 5,70 | 46,62 | ,4608 | 18 ,97503] — | 45404 | 547,83 [6,21 
| 6793973 — 12,97 216,25 | 5,72 | 46,24 | ,4570 | 1797655 — | 489,75 | 574-59 6.16 
| 66,94037 — 123.82 218,06 | 5,76 | 45,86 | „4532 16 27240 — | 510,79 | 604,70 [5,09 
100 + 6594102 — [125,73 100 + 15] ,97845] — | 544-85 | 038483 [6,02 
6494167 — |127,69| 1497943 — | 583,76] 677,84 [5,92 
6394232 — [129,72 13] ,98044| — | 628,67 | 722,82 |5,85 
| 62|,94298| — [131,81 12|,98148] — 681,06 775,30 [5,76 
* 61094364 — [133,98 i 33] 08250} —. 742,97 | 837-32 [5,05 
[100 + 60 94431 * 136,21 4 100 + 10 98367 — 817,27 911,70 5,57 P 
| 5994498 — [138.51 9| ,98482| — | 908,08 1002, 645,44 
58,94565 — [140,89 8.98602 — | 1021,59 | 1116,26 5933 
57] 294032] — [143,37 7] 298727] — | 1167,53 | 1262,32 |5,21| 
— 85094700 — 145,94 698856 — 1362,12 1457,03 [5,09 
100 + 5594768 — 148,58 100 + 598991] — 1634,54 1729,58 4,96 
5494836 — 151,31 4.99131 — 2043,18 2138,36 4,82 
5394904 — 15416 3] -99278| — | 2724-23 | 2819,54 [469] 
5294973 — [157-13 2.99432 — 4086,35 | 4181,79 [4,56 
511595042 — [160,23 115995920 — 8172.70 | 8268,20 4,44 
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Specific erivity of water at the different degrees a heat. 


r un e ee 
[= Specific = Specific f Specific |Z Specific || Specific [F] Specific || Specific || Specific || Specific [ Specific 
| E gravity, |S | gravity 5 | gravity. [5 | gravity. [= | gravity. |% | gravity. |S | gravity. |= | graviiy. (= u. S | gravity, 
* BY „ „ 
; 0 e | © 7 * 
1,00094 [45] 1,00086 50 1, 0068 [5 5] 99959170] 99894 [75] 99830 
 1,00093 [46] 1,00083 [51] 1,00063 »99939 [71] 99832 76 ,99816 
2 1,00092 47 1,00080 52] 1,00057  »99928 172] ,99969 V ,99802 
1,000G0 48 1,0007G 53] 1,00051 99917 %; ,99856 78 99788 
1, ooo88 49 1,00072 54 1,00045 9996 74 99843 79 99774 | 
. DIIER # F 99/59 
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Although the titles of the Columns in the preceding Tables, with what has been said in the introductory discourse, may render the 


Tables sufficiently obvious to the generality of readers, yet to some perhaps an example may be necessary; I shall therefore shew | 
in what manner the quantity by measure of pure Spirit of, 825 specific gravity at 60 of heat, may readily be found by the help 
; of these Tables — order to which, we must * the heat, the — 1 and quantity of — which the vessel contains. 


| ExaueLy. pace the heat to be 359, the cle gravity ,909, and the quantity of spirit 133,99 measures. 
Under 3 5 of heat, and in Column II. of specific gravity, find, 9g; and in the same horizontal line, take out from Column vin. 
the decimal multiplier 297, by which multiply 138, 99, cutting off as many figures to the right as there are decimals in *. 
factors; then we shall have 101, fz 1003 for the measures of pure spirit, of the specific gravity ,825 at 609 of heat. 5 
| Now a mere inspection of the Columns in the Tables will shew that a spirit of that strength was obtained, by adding 51 parts of 
water by weight to 100 parts of spirit, as in Column I. which produced the specific gravity found in the same horizontal line, 
Column II. It will as readily be seen, that the same specific gravity results from adding together their equivalents in measure, 


22 III. and IV. and that Column V. contains the * which the two quantities * measure after the mixture hay 


ERRATA. 
Page 281, column IV. line 34, for 126, 12, read 125,12. 


283, - J. — 17, for 100 + 54, read 100 + 34 
Ibid. | IV. — 34» for 126,05, read 125,05. 
| Ibid. —— V. — 2 from bottom, for 4886,90, read 4286, 96. 
285, VIII. — 25 for ,5046, read, 5056. 
286, ——— IV. — 8 from bottom, for 77,99, read 76, 99. 
_ 887, VIII. — 23, for ,5044, read , 5054. 
289, II. — 28, for ,95485, read 95385. 


290, IV. — 1 dele 0,84. 
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XXI. Observations and Experiments on a Wax-like Substance, 
resembling the Pe-la of the Chinese, collected at Madras by 
Dr. Anderson, and called by bim White Lac. By 2 i 


Pearson, M. D. F. R. S. 


Read May 29, 1794. 


Some Observati, ons relative to the natural History of 1 the In- 
sect which secretes a Sort of W, ar, called white Lac 


Tan matter Which is the subject of the following observa- 
tions and experiments, was first noticed by Dr. ANDERSON of 
Madras, about the year 1786, in a letter to the governor and 
council of that place, when he says, nests of insects resem- 
bling small cowry shells were brought to him from the woods 
by the natives, who eat them with avidity. These supposed 
nests he shortly afterwards discovered to be the coverings of 
the females of an undescribed species of coccus; and having 
noticed, in the Abbe Grosttr's Account of China, that the 
Chinese collect a kind of wax, much esteemed by them, under 
the name of Pe-la, from a coccus deposited for the purpose of 
breeding on certain shrubs, and managed exactly in the same 
manner as the Mexicans manage the cochineal insect, he fol- 
lowed the same process with his new insects, and shortly found 
means to propagate them with great facility on several of the 
trees and shrubs growing in his neighbourhood, 
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On examining the substance, he observed in it a very con- 
siderable resemblance to bees wax; and noticed, moreover, 
that the animal which secretes it provides itself, by some 
means or other, with a small quantity of honey, resembling 
that produced by our bees; and he complains in one of his 
letters, that the children whom he employed to gather it were 
tempted by its sweetness to eat so much of what they collected, 
as to diminish materially the produce of his crop. It is also be- 
lieved that the white lac possesses medicinal qualities. 

Assmall quantity of this matter was sent to the President in 

1789 but as there was not enough for the various experiments 
which suggested themselves to chemists who were consulted on 
the occasion, he wrote to Dr. Ax pERSON for an additional 
quantity, who in 1792 furnished him with some pounds of it, 
both in its natural state, and melted into cakes, as also of the 
insects adhering to the branches on which "Ny had been cul- 
tivated. 
The curious analogy between the manner in which this in- 
sect produces its wax, and the mode in which it is produced 
by our bees, according to the late Mr. HuxTER's observation, 
and the singularity of the animal's producing honey as well as 
wax, were sufficient reasons, in point of abstract curiosity, to 


make an analysis very desirable; and moreover the probabi- 


lity of its becoming an object of commerce seemed apparent: 
for it certainly can be provided at Madras at a much less price 
than is given for wax, even in the cheapest markets. I there- 
fore, at the request of the President, very willingly undertook 
the task of examining its chemical qualities, which are the 
subject of the following paper. 
It must be remembered, that all the authors who describe 
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the true cochineal insect tell us, that the females when nearly 
perfect are covered thickly with a white down, or meal, which 
protects them from the sun and rain, and the attacks of certain 
insects who are their enemies. It is probable that this sub- 
Stance is of the same nature as the p&-la, and that the secre- 
tion of WAX in more or less quantity is common to the genus 
of coccus. It is observable, moreover, that the insect which 
produces lac, a substance resembling wax, provides itself also 
with a sweet fluid resembling honey. Hence a striking ana- 
logy between these three animals is observable; and it is far 
from improbable that future naturalists may discover them to 
be species of the same genus; and find the means of making 
the beautiful red colour produced by the lac insect as useful in 
dying as that of the true cochineal. | 


11. Sensible, and some other Properties of white Lac. 


A piece of white lac, which weighs from about three to fif- 
teen grains, is probably produced by each insect. These pieces 
are of a grey colour, opaque, rough, and roundish; of about 
the size of a pea, but with a flat side, by which they adhere 
to the bark. In this flat side there is a fissure which contains 
a little black matter, the exuvie of the insect. e 

White lac, in its dry state, has a saltish and bitterish taste, 
and in the mouth is soft and tough. It appears however from 

Mr. Ax pERSON's letter, that the taste of this substance re- 
cently produced is delicious; so that it is difficult to pre- 
vent dhe children and other persons employed to gather it 
from eating it. 

On pressing a piece of this substance between the fingers, a 
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watery liquid oozes out, which has a slight salt taste; and we 
are told that the recently gathered lac is replete with juice. 
Although the roundish pieces of this substance yield to 
pressure between the fingers, they may be broken, and then 
appear to be perfectly white within, and of an uniform smooth 
texture. White lac has no smell, unless it be pressed or rub- 
bed till it is soft, and then it emits a peculiar odour. 

The lac which had been strained through muslin was of a 
brown colour throughout its whole substance; was brittle, 
hard, and had a bitterish taste, without any saltness, for its 
watery liquid had been separated by melting. 

The pieces of lac gathered from the tree are as light, or 
lighter than bees wax ; but after being melted and purified 
by straining, it sinks in water, and therefore is specifically 
heavier than bees wax generally is. | 

White lac melts in water of the temperature of 145 of 
FAHRENHEIT” s thermometer. In boiling water it readily 
| melted, and the black exuvie were thus Separated from the 
lac. 
Two thousand grains of white lac were exposed in such a de- 
gree of caloric“ as was just sufficient to melt them; as they 
grew soft and fluid, a pretty large quantity of reddish watery 

fluid, namely 550 grains, which emitted the smell of newly 
| baked bread, oozed out. This liquid was poured off for exami- 
nation, and the lac was strained through fine cloth repeatedly, 
till it left no e⁊uviæ or other extraneous matter on the filter. 

The quantity of purified lac thus obtained was 1220 grains. 


The names of the new system of chemistry are employed in this paper, for 
which it is presumed a particular explanation is unnecessary, as its nomenclature is 
now very generally used. | 
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It was yellow like bees wax ; hard and brittle as rosin. It had 
no bitterish or scarcely any other taste. It melted in alcohol, 
and also in water, of the temperature of between 145 and 146. 
Purified white lac adheres very firmly to wood, tin, paper, 
&c. so that it is an excellent cement on many occasions. 


1. Experiments to discover some of the A nities and Combi- 
nations of white Lac. _ 


1. Yellow purified lac above mentioned was s Spread thin : 
upon a plate of glass, and exposed to the rays of the sun during 
the whole of the month of uly, 1793, but it was not by this 

meeans rendered at all less yellow. 

2. A bit of white lac, on boiling in water with powdered | 

charcoal, was absorbed, and disappeared. SD 

g. Purified lac was digested in various proportions of ley 

of pure pot-ash, in different temperatures, but an uniform or 
soap-like mass could not be formed. The mixture emitted 
the smell of palm oil. The lac turned to a brown colour, and 
had the appearance of a coagulated mass, in the liquid as well 

as dry state. The liquid filtered from these solutions had a 

sweetish and bitterish taste. Upon the addition of vinegar, it 

became very turbid and rose- coloured; and by standing it 

let fall a copious sediment, which being dried was un to be 
wales lac only rendered more brittle. 
4. Ammoniac, or caustic volatile alkali seemed to combine 
with the white lac. The compound was a tolerably uniform 
brown soapy substance. It tasted sweet, and had still a weak 
smell of ammoniac. It rendered water milky, and this solu- 
tion became curdy c on adding to it acetous acid. 
3D 2 
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B. Candles, of different thicknesses, were made of purified 
white lac above mentioned, with cotton wicks of different thick- 
nesses; and candles were also made of white lac which had been 
dissolved in sulphuric æther, and in volatile oil of turpentine. 

They all burned more rapidly, but I think emitted a less quan- 
tity of light, than wax candles, of the same size. The candles 

made of white lac also smoked and produced a rosinous smell. 
| White lac burned in oxygen gaz without affording any 
smoke, and with a beautifully bright flame. 

A small piece of purified white lac, in a platina spoon, was 
exposed to the apex of the violet blue coloured flame of a 
candle, by means of the blow-pipe ; a small quantity of black 
matter remained in the spoon, which could not be carried off 

by a long continued application of the flame; but after keep- 

ing the spoon red-hot in the fire for ten minutes, nothing but 
a very small quantity of grey ash was left. 5 
6. From purified white lac nothing could be extracted by 

water; nor from the lac in its impure State, except a bitterish | 
mucilage. 5 

7. White lac turned to a black coloured substance by boil- 
ing it in concentrated sulphuric acid. The mixture was then 
_ diluted with water, and by means of the filter a carbonaceous 
matter was separated, which on being made red hot burnt in 
the air without flaming. The filtered liquid, upon evaporation 

to dryness, afforded no alkaline or other residue. 

8. Glass covered with a thin coat of white lac was kept i im- 
mersed in oxygenated muriatic acid gaz, and also in water 
Saturated with this gaz, for several months, without producing 
any apparent change on the colour of the lac, or in its other 
properties. 
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9. On about 100 grains of white lac were poured 400 grains 
of concentrated nitrous acid. In a few minutes time the 
acid became of a deep orange colour, and, on making it hot, 
nitrous gaz was discharged, with an ebullition of the liquid. A 
fresh discharge of nitrous gaz took place on adding more ni- 
trous acid. On applying caloric, to make the acid boil and to 
melt the lac, this substance was totally dissolved ; but on 
standing to cool, it seemed to be wholly separated from the 
acid, and was rendered white. On diluting with water the 
acid from which the lac had separated itself, a very slight 
curdy precipitation took place ; and the same appearance took 
place on adding ley of pot-ash. On evaporating this acid to 
dryness, a very small residue of lac was obtained. I dissolved 
a little of this substance by boiling it in concentrated nitrous 
acid, and poured the solution, while hot, into water; upon 
which a very copious precipitation instantly took place, of the 
lac rendered quite white. 

10. One hundred grains of the substance under examination 
were totally dissolved, and very readily, in 500 grains of vola- 
tile oil of turpentine. While this solution was hot it was clear, 
but on cooling it grew opaque and white. _ —— | 
the whole of the lac was recovered. 

11. Fifty grains of white lac readily PR OY" in 500 grains 
measure of sulphuric æther, in the temperature of 80%. This 
solution was not unctuous, or resinous ; the lower part of 
it was like an emulsion, and the upper part was transparent 
and limpid; but both parts contained the substance dissolved. 
Upon evaporation the lac was recovered in the form of a light 
white powder, which on melting became a brittle yellow solid, 
as heavy as before solution. 
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12. One hundred grains of white lac being digested in 1000 
grains measure of alcohol, the specific gravity of which was as 
833 to 1000, about half of the substance soon dissolved ; and the 

solution when cold was opaque, white, and thick, as saturated 

solution of soap in hot spirit of wine appears on cooling. By 
repeated affusions of alcohol on the residue of these 100 grains, 
all but about 15 grains was dissolved; and this residue did not 


e appear to be different from lac which had not been digested in 


this menstruum. This solution afforded, on evaporation, a 
light white opaque powder, which on being melted was a 
brittle, yellow, heavy solid, as the substance was before so- 
lution. 
Saturated solution of white hc in alcohol spread upon paper, 
cloth, wood, &c. on evaporation left a thin coat of resinous 
matter, which was not however bright and smooth; and 
therefore this solution did not afford a good varnish. 


1v. Experiments to decompound white Lac by Fire. ” 


I hall orfly relate particularly one of these ex periments, 

because among several which I made there was no material 
difference in the result. 

Eight hundred grains of purified white lac were put into a 
1 glass retort, to which was affixed an adopter with a large bulb | 

to recewe condensed vapours, and the hydro-pneumatic appa- 

ratus to collect elastic fluids, or gazes. There distilled over 
204, grains of yellow strongly empyreumatic oil of the con- 
sistence of butter, 400 grains of thin oil which had the smell 
of tar, near 20 grains of watery liquid containing a little acid, 
perhaps the pyrotartareous or the sebacic acid ; besides go7 
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cubic inches of gaz. In the retort there remained g7 grains of 
carbonaceous matter, which was a pretty hard cinder, the un- 
der surface of which in contact with the glass had seemingly 
undergone a partial fusion, and the glass itself to which it ad- 
hered appeared to have been a little corroded. 


The above distilled gaz contained no oxygen to the test of 


_ nitrous gaz; but ga cubic inches of it were absorbed by milk of 
lime, and near 86 cubic inches of it were absorbed by yellow 


oxyd of lead, or massicot, placed in the focus of a lens; 


| during which absorption lead was reduced, and water com- 


posed. The remainder of the gaz extinguished flame, and 


was concluded to be nitrogen or azotic gaz. 


The gaz which was obtained by distillation was therefore 


a mixture of carbonic acid, hydrogen, and nitrogen gaz. This 
mixture burnt like what has been called heavy inflammable 
The above g7 grains of carbonaceous matter afforded two 


grains of muriate of soda, one grain of carbonate of soda, four 
grains of phosphate of Soda. The lixiviated carbonaceous 
matter being mixed with goo grains of red oxyd of lead, and 
exposed to a due degree of fire, yielded about 60 cubic inches 
of carbonic-acid gaz, and a little regulus of lead; but there was 
a residue of carbonaceous matter which could not be burnt 
away in the fiercest fire in open vessels. This residue was 
probably carbon, phosphoric acid, and Soda, unn mixed 


by fusion. 


From this analysis, it appears that 100 parts of white lac pu- 


rified yield 


| 
: 
| 
| 
{ 
i 
; 
* 
i 
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Butyraceous oil - - „ 
Thin oil — = — - 50 
Water containing —_ 7. 21 
Carbonaceous matter, containing phosphoric 
a4 acid, muriatic acid, and sda - 
Carbonic acid, by estimation 2 
Hydrogen, by estimation - 


Nitrogen or azote, by estimation 


Deficiency by waste and error, by estimation 2 


100 parts. 


When this experiment was made with unpurified white lac, 


the proportion of water and carbonaceous matter was much 


greater than in the preceding experiment. On account also 


of the water, it was extremely difficult to pr event the sub- 


stance boiling over and bursting the vessels. 
Charcoal of wood being mixed with white lac, the ail 


seemed to distil over more readily, with less water, and was 
paler coloured oil than in the preceding experiment. 


White lac was also distilled from pot-ash, without any ma- 


terial difference in the result, 2 that the oils which 
distilled over were thicker. 


* 
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v. Experiments 1 the Ilquid id 6 in white Lac. 


(a) On pressing, between the fingers, the pieces of white 
lac, in the state in which they are taken from the tree or 
shrub (although they are apparently quite dry and brittle, 


and have been kept several years), a watery liquid oozes out; 
by which paper stained with turnsole is instantly turn turned to a 
red colour. 


(b) The 330 grains of reddish watery liquid above men- 
tioned to have been separated from 2000 grains of white lac 
were filtrated through paper in order to separate mucilage. 
(aa) This filtrated liquid has a slightly Saltish taste, with 
bitterness, but is not at all sour. 
| (bb) When made hot, it smells precisely like e newly baked 

hot bread. 
(cc) On standing it grows ,omewhat turbid, and ebase 
e small quantity of sediment. 

(ad) Its specific gravity in the temperature of 6⁰² was to 
distilled water as 1025 to 1000. 

(ee) A little of this liquid having been evaporated till it 
grew very turbid, on standing aflorded small needle- like erys- 


tials in mucilaginous matter. 


(c) About 250 grains of the liquid (b) were poured into a 
retort which held one ounce measure, to which was joined a 
receiver containing two shreds of paper, one stained with turn- 
sole, and the other had been dipped in solution of sulphate of 
iron. As the liquor grew warm, mucilage-like clouds appeared, 
but when it grew hot they disappeared ; and about the tem- 
perature of 200 it distilled over very fast. On distillation to 
nearly dryness, a small quantity of extractive matter remained. 
MDCCXCIV. — 
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The distilled liquid while hot smelt like newly baked bread, 
and was perfectly transparent and yellowish. The paper 
Stained with turnsole was not reddened ; nor was that which 
had been immersed in solution of sulphate of iron turned to 
a blue colour, upon moistening it with ley of pot-ash. 

(4) The flame of a candle being applied by means of a 
blow-pipe to the extractive matter (c), the whole of it was 
| burnt away, except what produced a black mark upon the 
Spoon ; in which no trace of alkali was detected by paper 
stained with turmeric. 
(e) About 100 grains of the yellowiah transparent liquid : 

(c) being evaporated till it grew turbid, after being set by for 
a night, afforded acicular crystals; which under a lens ap- 

peared in a group, not unlike the umbel of parsley. The whole 
of these crystals could not, probably, have weighed a quarter 

of a grain. They tasted only bitterisgh. 

(f ) One hundred grains of the yellowish transparent l 
(e) being evaporated, in a very low temperature, to dryness, 
a blackish matter was left behind, which did not entirely dis- 
appear on heating the spoon containing it very hot in the 
naked fire; but on heating oxalic acid to a much less * it 
evaporated, and left not a trace behind. 


(g) Carbonate of lime (chalk) readily dissolved, with effer- 
5 vescence, in the liquid (c). The solution tasted bitterish, did © 
not turn paper stained with turnsole to a red colour, and a 
copious precipitation ensued on adding to it carbonate of pot- 
ash (mild vegetable alkali). A little of this solution of lime, 
and also of alkali, being evaporated to dryness, and the residue 
being made red-hot, nothing remained but carbonate of lime, 
and carbonate of pot-ash. 
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(3) The above distilled liquid (c) did not render nitrate of 
lime turbid ; but 

(i) It produced turbidness in nitrate 45 muriate of baryt. 
 (#) To zoo grains of the reddish coloured liquid obtained 
buy melting white lac, I added ley of carbonate of soda, till the 
effervescence ceased, and the mixture neither reddened paper 
Stained with turnsole, nor turned paper stained with turmeric 
to a brown colour. The quantity of dry carbonate of soda used 
In theley was three grains. A quantity of mucilaginous matter, 
with a little carbonate of lime, was precipitated during this com- 
bination. The saturated solution being filtrated and evaporated 
to a due degree, it afforded, on standing, deliquescent crystals. 

(Y) A little of the crystallized salt (2 by exposure to ire 
left only a residue of carbonate of soda. 

(m) The reddish liquid obtained by melting the white lac 
being filtrated, the following precipitants were added; namely, 
1. Lime-water, which produced a light purple, turbid ap- 
pearance, and on standing, there were just perceivable clouds. 

2. Sulphuret of lime (calcareous liver of sulphur) occasioned 
a white precipitation; but I could not perceive the smell of 
sulphurized hydrogen gaz, (hepatic . 

3. Alcobol of gall nut 6 of gall _) induced a grey 


precipitation. | 
4. Sulphate of iron ( green vitriol) produced a a oo 


lour, but no precipitation; nor did any precipitation take place 
on adding to this mixture first a little . and then a little . 
pot-ash. 
5. Acetite of lead (sugar of lead) occasioned a reddish pre- 
cipitation, which re-dissolved on adding a little nitrous acid. 
3E 2 
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6. Nitrate of mercury (solution of mercury in nitrous acid) 
produced a whitish turbid liquid. 


7. Ocalic acid produced 2 a precipitation of white 
acicular crystals. 
8. Tartrite of pot-asb (soluble tartar) being added, a preci- 
pitation took place which much resembled that which takes 
place on adding tartareous acid to tartrite of pot- ash; but the 
precipitated matter by the liquid from the white lac did not 
re- dissolve on adding pot-ash. 1 
With respect to the nature of the liquid contained | in white 
lac, it perhaps belongs to the genus of acids, because it changes 
turnsole to a red coloured substance, and neutralizes fixed alkali 
and lime (g) (K). 
This acid liquid is most probably Secreted at the same time 
with the white lac; and therefore the white lac coccus, like the 
ant, and some other insects, has organs for secreting an acid. 
As this acid is destructible by fire (F) (g) (1), and as it af- 
fords carbon (f), it must be referred to the animal or vege- 
table acids. 
From the precipitation of tartrite of pot-ash (n, 8) resem- 
bling tartar, this acid might be supposed to be the tartareous; 
but as this precipitate is not again dissolved on adding pot- 
ash; as it has no sour taste (c); as it evaporates in 2000 of 
caloric (b); as the combination with lime is readily soluble 
in water, and decomposed by pot-ash ( g) (m, 1); and as the 
combination with soda is a deliquescent salt (&), this acid 
cannot be considered to be the tartareous. Nor does this liquid 
appear, from the above experiments, to be any one of the 
other known vegetable or animal acids. The other proper- 
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ties, shown by the experiments, except the precipitation of 
tartrite of pot-ash, and the peculiar smell above mentioned, 
are either those common to every species of acid, or are pos- 
sessed by several of them. For although this acid possesses 
several properties common to all acids, and some properties 
which belong to a few species only, there is not any one of the 
already known acids that has the smell, when heated, above 
mentioned; that precipitates tartrite of pot- ash, but does not 
serve to compose acidulous tartrite of pot-ash ; that, besides 
having these properties, is vapour in the temperature of 200 
without decomposition, has not a sour but a bitterish taste, 
and forms a soluble compound with lime, which is decom- 
posable by pot-ash. 
The precipitation by oxalic acid, it is probable, was occa- 
sioned by a small quantity of n which the undistilled _ 
of white lac contains. e 
The other phænomena in the experiments I do not refer to, 
because they are produced by acids in general. 
Whether the above liquid from white lac be a new acid, or 
one of the acids already known, but disguised by mixture or 
union with other bodies, I leave to the decision of future ex- | 
periments, and to the judgment of learned chemists. | 


Ren arks and Conclazicns from the preceding Observations 
and E rperiments. | 


1. White lac being unctuous when in a fluid state; having 
little or no smell and taste, unless heated; being insoluble in 
water; being inflammable in oxygen gaz; and decompounded 
by fire alone, in close vessels, before evaporation, it seems to 
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belong to the genus of fat, or fed oils: but it differs from 

them, and resembles the volatile oils and resins, in being 
britfle and semi-transparent; in being soluble in alcohol; in 
composing an imperfect soap with fixed — in dissolv- 
ing readily in sulphurie æther. 

2. As bees wax and white lac seemed to be anke in many 
properties, I extended the comparison by some experiments 
on bees wax. | 
Bees wax when first secreted is, 1 believe, always white, 
and it is often white when made into the comb. It remains 
white after being melted. 
| White lac becomes — on purification by melting and 
8training. 

Bees wax has a peculiar smell when cold. White lac has a 
smell only when made hot, and it is a different one from that 
of bees wax. 

Bees wax is less brittle and hard than white lee. The 
former is, generally, specifically lighter than the latter; for 
bees wax often floated upon cold water, but purified lac fell 
to the bottom. 

Bees wax melts at about 1425, and therefore ; in a few 4 
grees less caloric than white lac. 

Bees wax does not adhere so ws to different bodies as 
white lac. 

Yellow bees wax can be rendered white by exposure to 
the solar light, or by oxygenated muriatic acid, but this lac 
could not be bleached. 

Bees wax formed a soap-like mass by union with pot-ash, 
which was soluble like common soap in water, but this lac af- 


forded an imperfect soap. 
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It is well known that bees wax burns without affording 
almost any smoke or smell, and produces a steady light. 1 
did not find that white lac, united with oil of olive, formed a 
wax little inferior to bees wax, which is said to be the case 
with the pé-la of the Chinese. By this union I made white 
lac whiter and as soft as bees wax; but it still afforded smoke, 
a resinous smell, and an unsteady light, as before. 

Water extracted nothing from pure bees wax. 

' Nitrous acid, in the cold, only rendered it white; but, on 
boiling, the lac wholly dissolved, and like the white lac, on 
cooling, it separated, and was rendered white. 

Oil of turpentine, and 

Sulpburic ætber formed compounds with bane WAX similar 
to those with white lac. The solution of bees wax in sul- 
phuric æther, on evaporation left a white powdery substance, 
which on melting was found to be common yellow wax. 

Alcobol, the specific gravity of which to water was as 835 to 
1000, dissolved bees wax with much more difficulty, and in 
much smaller proportion, than white lac. By digestion in this 
menstruum, of the temperature of 1305 to 1405, it appeared that 
bees wax was totally soluble; but the same wax by repeated 
digestions became more and more difficultly soluble; and yet 
it did not appear that the last portion of wax was different in 
its other properties from wax which had not been digested. 
On evaporation of this solution to dryness, a white sub- 
stance in a powdery form remained, which being melted was 
yellow wax. 

Bees wax, on decomposition by flea. i in 1 vessels, with 
the hydro- pneumatic apparatus affixed, yielded resembling or 
nearly similar substances to those obtained on the analysis of 
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white lac by fire; for 1800 grains of bees wax gave: 1200 
grains of white butyraceous oil, with a little thin brown oil, 
and a very small quantity of water and acid; and a very 
large quantity of hydrogen and carbonic acid gaz, with which 
was probably mixed nitrogen gaz; but an accident prevented 
me determining the presence of this last gaz. In the retort 
there remained only about ten grains of carbonaceous matter. 
The smell of the empyreumatic oils was very different from 
those of white lac. 


3. White lac appears to have the same kinds of affinity as 


bees wax; but many of their combinations are so very diffe- 


rent in the two cases, as to determine white lac and bees wax 


to be different species of substances, although they agree with 
one another in more properties than they do with any other 


its qualities. 


4. White lac and bees wax appear to be homogeneous 


substances, and to consist of the same kind of constituent parts, 


but the proportion of these parts is very different in the two 
substances; and hence the difference in the properties of bees 
wax and white lac. I consider the phosphate of lime, the 
soda, and muriate of soda, as extraneous to the composition of 
lac. The different composition of the two substances may 


enable us to explain in a probable manner the different action 
of other bodies upon them. For instance, as it appears that 
a much greater proportion of carbon enters into the compo- 


sition of white lac than bees wax, the quantity of oxygen 
gaz in atmospheric air, applied under the usual circum- 


stances of combustion, is not sufficient to combine with the 


known bodies. As to the pé-la of the Chinese, we cannot 
judge of it unless a more particular a account had been given of _ 
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whole of the carbon and other components of a given part of 
white lac, wherefore a portion of carbon remains uncombined, 
in the form of soot, or a sublimate; but when oxygen gaz is 
applied, the whole of the carbon is combined with it, and of 
course no smoke appears. 
The smaller proportion of a in hows Wax than white- 
lac, affords a probable reason why there is less smoke during 
the combustion of bees wax than white lac. 
It appears reasonable to conclude, that white lac might be- 
made to serve for illumination and combustion as well as bees. 
wax, either by diminishing the proportion of carbon, or by 
increasing the proportion of the other components: but my 
- knoviedge of chemistry dpes nat cuable me to affect either af 
5 te — - 


upccxciv. 
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XXII. Account of some remarkable Caves in the Principality of 
Bayreuth, and of the fossil Bones found therem. Extracted 

from a Paper gent, with Specimens of the Bones, as a Present 
to the Royal Society, by his most Serene — the Mar- 
"on of Anspach, Se. 


Read January 10, 1793. 


Anme of primeval mountains runs almost through Ger- 
many, in a direction nearly from west to east; the Hartz, the 
mountains of Thuringia, the Fichtelberg in Franconia, are 
different parts of it, which in their farther extent constitute 
the Riesenberg, and join the Carpathian mountains; the 


highest parts of this ridge are granite, and are flanked by 


alluvial and stratified mountains, consisting chiefly of lime- 
stone, marl, and sandstone; such at least is the tract of hills 
in which the caves to be spoken of are situated, and over 
these hills the main road leads from Bayreuth to Erlang, or 
Nurenberg. Half way to this town lies Streitberg, where 
there is a post, and but three or four English miles distant 
from thence are the caves mentioned, near Gailenreuth and 
Klausstein, two small villages, insignificant in themselves, but 
become famous for the discoveries made in their neighbour- 
hood. 1 „ 5 
The tract of hills is there broken off by many small and 
narrow vallies, confined mostly by steep and high rocks, here 
and there overhanging, and threatening, as it were, to fall 
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and crush all beneath; and every where thereabouts are to be 
met with objects, which suggest the idea of their being evi- 
dent vestiges of some general and mighty catastrophe which 
happened in the primeval times of the globe. 

The strata of these hills consist chiefly of limestone of va- 
rious colour and texture, or of marl and sandstones. The 
tract of limestone hills abounds with petrifactions of various. 
kinds. 

The main entrance to the caves at Gailenreuth opens near 
the summit of a limestone hill towards the east. An arch, 
near seven feet high, leads into a kind of antichamber, 80 feet 
m length, and goo feet in circumference, which constitutes 

the vestibule of four other caves. This antichamber is lofty 

and airy, but has no light except what enters by its open 
arch; its bottom is level, and covered with black mould; al- 
though the common soil of the environs is loam and marl. 

By several circumstances it appears, that it has been made 


use of in turbulent times as a place of refuge. 


From this vestibule, or first cave, a dark and narrow alley 
opens in the corner at the south end, and leads into the second 
cave, which is about 60 feet long, 18 high, and 40 broad. Its 

sides and roof are covered, in a wild and rough manner, with 
stalactites, columns of which are hanging from the roof, others 


rising from the bottom, meeting the first in many whimsical 


Shapes. 

The air of this cave, as well as of all the rest, is always 

f cool: and has, even in the height of summer, been found below 

temperate. Caution is therefore necessary to its visitors ; for 

it is remarkable, that people having spent any time in this or 

the other caverns, always on their coming out again appear 
gF2 
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pale, which in part may be owing to the coolness of the air, 

and in part likewise to the particular exhalations within the 

caves. A very narrow, winding, and troublesome passage 

opens farther into a 

Third cave, or chamber of a 4 0 form, and about 30 

feet diameter, covered all over with stalactites. Very near its 

entrance there is a perpendicular descent of about 20 feet, 

into a dark and frightful abyss ; a ladder must be brought to 

descend into it, and caution is necessary in using it, on ac- 

count of the rough and slippery stalactites. When you are 

down, you enter into a gloomy cave of about 15 feet diame- 

ter, and go feet high, * properly but a * of the 
third cave. 

In the passage to this third cave. some teeth and fragments 
of bones are found; but coming down to the pit of the cave, 
you are every way surrounded by a vast heap of animal re- 

mains. The bottom of this cave is paved with a stalactieal 

crust of near a foot in thickness; large and small fragments 
of all sorts of bones are scattered every where on the surface 
of the ground, or are easily drawn out of the mouldering rub- 
bish. The very walls seem filled with various and innu- 
merable teeth and broken bones. The stalactical covering of 
the uneven sides of the cave does not reach quite down to its 
bottom, whereby it plainly appears that this vast collection of 
animal rubbish, some time ago filled a higher Space in the cave, 
before the bulk of it sunk by mouldering. 
This place is in appearance very like a large quarry of 
sandstones; and indeed the largest and finest blocks of osteo- 
lithical concretes might be hewn out in any number, if there 
was but room enough to come to them, and to carry them 


i the Preh. h of Bayreuth. — 


out. This bony rock has been dug into in different places, 
and every where undoubted proofs have been met with, that 
its bed, or this osteolithical stratum, extends every way far 
beneath and through the limestone rock, into which and 
through which these caverns have been made, so that the 
queries suggesting themselves about the astonishing numbers 
of animals buried here confound all speculation. 

Along the sides of this third cavern there are some nar- 
rower openings, leading into different smaller chambers, of 
which it cannot be said how deep they go. In some of them, 
bones of smaller animals have been found, such as jaw-bones, 
vertebræ, and tibiæ, in large heaps. The bottom of this cave 


| 8lopes toward a passage seven feet * and about as wide, 
being the entrance to a 


a stalactical crust, and gradually sloping to another steep de- 

scent, where the ladder is wanted a second time, and must be 
used with caution as before, in order to get into a cave 40 feet 
high, and about half as wide. In those deep and spacious 
hollows, worked out through the most solid mass of rock, you 
again perceive with astonishment, immense numbers of bony 
fragments of all kinds and sizes, sticking every where in the 
sides of the cave, or lying on the bottom. This cave also is 


Fourib cave, 20 feet high, _ 15 wide, lined all ound with 5 


surrounded by several smaller ones; in one of them rises a 0 


stalactite of uncommon bigness, being four feet high, and eight 
feet diameter, in the form of a truncated cone. In another of 
those side grottoes, a very neat stalactical pillar presents itself, 
five feet in height, and eight inches in diameter. 

The bottom of all these grottoes is covered with true animal 
mould, out of which may be dug fragments of bones. 
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Besides the smaller hollows, spoken :bf before, round this 
fourth cave, a very narrow opening has been discovered in one 
of its corners. It is of very difficult access, as it can be en- 
tered only in a crawling posture. This dismal and dangerous 
passage leads into a fifth cave, of near 30 feet high, 49 long, 
and of unequal breadth. To the depth of six feet this cave has 
been dug, and nothing has been found but fragments of bones, 
and animal mould: the sides are finely decorated with stalac- 
tites of different forms and colours; but even this stalactical 
crust is filled with fragments of bones * in it, up to hw 
very roof. : 
From this remarkable cave, another very low and narrow: 
avenue leads into the last discovered, or the - 
Sizth cave, not very large, and merely covered with a sta- 
; lactical crust, in which, however, here and there bones are seen 


= sticking. And here ends this connected series of most remark- 


able osteolithical caverns, as far as they have been hitherto ex- 
plored; many more may for what we know exist, hidden, i in 
the same tract of hills. | Wi | 
Mr. Eseex has written a history in German of these © caves; 
and given descriptions and plates of a great number of the. 
fossil bones which have been found there. To this work we - 
must refer for a more particular account of them, 
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Tur bones which are the subject of the present paper, are to 
be considered more in the light of incrustations than extra- 
neous fossils, since their external surface has only acquired a 
covering of crystallized earth, and little or no change has taken 
* in their internal structure. 
Ihe earths with which bones are most commonly incrusted 
are the calcareous, argillaceous, and siliceous, but principally 
the calcareous; and this happens in two ways; one, the bones 
being immersed in water in which this earth is suspended; 
the other, water passing through masses of this earth, which it 
dissolves, and afterwards deposits upon bones which lie under- 
neath. 
Bones which are incrusted seem never to undergo this 

change in the earth, or under the water, where the soft parts 
were destroyed; while bones that are fossilized become so in 
the medium in which they were deposited“ at the animal's 
death. The incrusted bones have been previously exposed to 


* Bones that have been buried with the flesh on, acquire a stain which they never 
lose; and those which have been long immersed in water, receive a considerable tinge. 


The late Mr. HunTzx's Observations 
the open air; this is evidently the case with the bones at pre- 
sent under consideration, those of the rock of Gibraltar, and 
those found in Dalmatia; and from the account given by the 
Abbé SPALLANZAN1, those of the island of Cerigo are under 
the same circumstances. They have the characters of ex- 
posed bones, and many of them are cracked in a number of 
places, particularly the cylindrical bones, similar to the effects 
of long exposure to the sun. This circumstance appears to 
distinguish them from fossilized bones, and gives us some in- 
formation respecting their history. = 
If their numbers had corresponded with what we meet 
with of recent bones, we might have been led to some opinion 
ol their mode of accumulation; but the quantity exceeds any 
thing we can form an idea of. In an inquiry into their his- 
tory three questions naturally arise: did the animals come 
there and die? or were their bodies brought there, and lay ex- 
posed? or were the bones collected from different places? 
he first of these conjectures appears to me the most natural: 
but yet I am by no means convinced of its being the true one. 
Bones of this description are found in very different situa- 
tions, which makes their present state more diiũcultly ac- 
counted for. Those in Germany are found in caves. The 
coast of Dalmatia is said to be almost wholly formed of them, 
and we know that this is the case with a Hogs portion of the 
rock of Gibraltar. 

If none were found in caves, but in solid masses covered 
with marl or limestone, it would then give the idea of their 
having been brought together by some strange cause, as a con- 
vulsion in the earth, which threw these materials over them; 
but this we can hardly form an idea of; or if they had all been 
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places of retreat for such animals, and had been so for some 
thousands of years; and if the bones were those of carnivorous 
animals and herbivorous, we might have supposed that the 
carnivorous had brought in many animals of a smaller size 

which they caught for food; and this, upon the first view, ap- 

pears to have been the case with those which are the subject of 

this paper; yet when we consider that the bones are principally 

of carnivorous animals, we are confined to the supposition of 
their being only places of retreat. If they had been brought 
together by any convulsion of the earth, they would have 
been mixed with the surrounding materials of the mountains, 
which does not appear to be the case; for although some are 
found sticking in the sides of the caves incrusted in calcareous 
matter, this seems to have arisen from their situation in the 
cave. Such accumulation would . 5 them coeval with 
the mountains themselves, which from the recent state of the 
bones I should very much doubt. 
The difference in the state of the nw ho that 3 
was probably a succession of them for a vast series of years; 
for if we consider the distance of time between the most per- 
| fect having been deposited, which we must suppose were the 
last, and the present time, we must consider it to be many 
thousand years; and if we calculate how long these must still 
remain to be as far decayed as some others are, it will require 
many thousand years, a sufficient time for a vast accumulation: 
from this mode of reasoning, therefore, it would appear that 
they were not brought here at once in a recent state. 

The animal earth, as it is called, at the bottom of these caves, 
is supposed to be produced by the rotting of the flesh, which is 
supposing the animals brought there with the flesh on; but! do 
MDCCXCIV, = 36 | 


' eonceive; that if the caves had been stuſſed with whole animal 
the flesh could not have produced one-tenth part of the earth, 


mals to which they belong. 
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and to account for such a quantity as appears to be the pro- 
duce of animals, I should suppose it the remains of the dung 


of animals who inhabited the caves, and the contents of the 


bowels of those they lived upon. This is easily conceived from 
knowing that there is something similar to it, in a smaller de- 
gree, in many caves in this kingdom, which are places of re- 
treat for bats-in the winter, and even in the summer, as they 


only go abroad in the evenings; these caves have their bottoms 
covered with animal earth, for some feet in depth, in all de- 


grees of decomposition, the lowermost the most pure, and the 
uppermost but little changed, with all the intermediate de- 


grees; in which caves are formed a vast number of stalactites, 
which might incrust the bones of those that die there. 


The bones in the caves in Germany are so much the object 


of the curious, that the specimens are dispersed throughout 
Europe, which prevents a sufficient number coming into the 


hands of any one person to make him acquainted with the ani- 


From the history and — given by Espkk, it appears that 


: there are the bones of several animals; but what is curious, they 


all appear to have been carnivorous, which we should not have 
expected. There are teeth in number, kind, and mode of set- 
ting, exactly similar to the white bear, others more like those 


of the lion; but the representations of parts, however well exe- 
cuted, are hardly to be trusted to for the nicer characters, and 
much less so when the parts are mutilated. 


The bones sent by his highness the Margrave of ANSPACH 
agree with those described and delineated by EspER as belong- 
ing to the white bear ; how far they are of the same species 
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— — ay; the heads differ in shape 
from each other; they are, upon the whole, much longer for 
their breadth than in any carnivorous animal I know of ; they 
also differ from the present white bear, which, as far as I have 
Seen, has a common proportional breadth; it is supposed, indeed, 
that the heads of the present white bear differ from one ano- 
ther, but the truth of this assertion I have not seen FI 
enough of that animal to determine. 
The heads not only vary in shape, but as in size, for some 
of them, when compared with the recent white bear, would seem 
to have belonged to an animal twice its size, while some of the 
bones correspond in size with those of the white bear, and 
others are even smaller. 

There are two ossa humeri, rather of a less size than those 0 
the recent white bear; a first vertebra, rather smaller; the teeth 
also vary considerably in size, yet they are all those of the same 
tribe; so that the variety among themselves is not less than be- 
tween them and the recent. In the formation of the head, age 
makes a considerable difference; the skull of a young dog is much 

more rounded than an old one, the ridge leading back to the 
occiput, terminating in the two lateral ones, hardly exists in a 

young dog; and among the present bones there is the back part 
of such a head, yet it is larger than the head of the largest mas- 
tiff; how far the young white bear may vary from the old, simi- 
lar to the young dog, I do not know, but it is very probable. 
Drawings of the different heads and ossa humeri, done in a very 


* It is to be understood, that the bones of the white bear that I have, belonged to 
one that had been a show, and had not grown to the full or natural size; and I make 


allowance for this in my assertion, that the heads of those incrusted appear to belong to 
an anima] twice the size of our white bear. 
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masterly manner by Mr. Barry, surgeon in Great Marlbo- 
rough-street, who was so obliging as to take that trouble, are 

annexed to this account. See Tab. XIX. and xXx. 
Bones of animals under circumstances so similar, although in 
different parts of the globe, one would have naturally supposed 
to consist chiefly of those of one class or order in every place, 
one principle acting in all places. In Gibraltar they are mostly 
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Those in Dalmatia appear to be mostly of the ruminating 
tribe, yet I saw a part of the os hyoides of a horse; but those 
from Germany are mostly carnivorous. From these facts 
we should be inclined to suppose, that their accumulation did 
not arise from any instinctive mode of living, as the same 
mode could not suit both carnivorous and herbivorous animals. 
In considering animals respecting their situation upon the 
globe, there are many which are peculiar to particular climates, 
and others that are less confined, as herrings, mackerel, and 
salmon; others again, which probably move over the whole 
extent of the sea, as the shark, por pus, and whale tribe; while 
many shell-fish must be confined to one spot. If the sea had 
not shifted its situation more than once, and was to leave the 
land in a very short time, then we could determine what the 
climate had formerly been by the extraneous fossils of the sta- 
tionary animals, for those only would be found mixed with 
those of passage; but if the sea moves from one place to another 
slowly, then the remains of animals of different climates may 
be mixed, by those of one climate moving over those of ano- 
ther, dying, and being fossilized ; but this I am afraid cannot 
be made out. By the fossils we may, however, have some idea 


ol the ruminating tribe, of the hare kind, and the bones of birds; 
yet there are some of a small dog dr fox, and likewise shells. 
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how the bones of the land animals ſossilized may be disposed 
with respect to those of the ses. 

If the sea should have occupied any space that never had 
been dry land prior to the sea's being there, the extraneous 
fossils can only be those of sea animals; but each part will have 
its particular kind of those that are stationary mixed with a 
few of the amphibia, and of sea birds, in those parts that 
were the skirts of the sea. I shall suppose that when the sea 
left this place it moved over land where both vegetables 
and land animals had existed, the bones of which will be fos- 

silized, as also those of the sea animals; and if the sea continued 
long here, which there is reason to believe, then those mixed 
extraneous fossils will be covered with those of sea animals. 
Now if the sea should again move and abandon this situation, 
then we should find the land and sea fossils above mentioned 
disposed in this order; and as we begin to discover extraneous 
fossils in a contrary direction to their formation, we shall first 
find a stratum of those of animals peculiar to the sea, which 
were the last formed, and under it one of vegetables and land 
animals, which were there before they were covered by the sea, 
and among them those of the sea, and under this the common 
earth. Those peculiar to the sea will be in depth in propor- 
tion to the time of the sea's residence and other circumstances, 
as currents, tides, &c. e 5 
From a succession of such shiſtings of the situation of the 
sea we may have a stratum of marine extraneous fossils, one of 
earth, mixed probably with vegetables and bones of land ani- 
mals, a stratum of terrestrial extraneous fossils, then one of 
marine productions; but from the sea carrying its inhabitants 
along with it, wherever there are those of land animals there 
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will also be a mixture of marine ones; and from the sea com+ 
monly remaining thousands of years in nearly the same Situa- 
tion, we have marine fossils unmixed with any others. 

All operations respecting the growth or decomposition of 
animal and vegetable substances go on more readily on the sur- 
face of the earth than in it; the air is most probably the great 
agent in decomposition and combination, and also a certain de- 
gree of heat. Thus the deeper we go into the earth, we find 
the ſewer changes going on; and there is probably a certain 
depth where no change of any kind can possibly take place. 
The operation of vegetation will not go on at a certain depth, 
but at this very depth a decomposition can take place, for the 
seed dies, and in time decays; but at a still greater depth, the 
Seed retains its life for ages, and when brought near enough to 
the surface for vegetation, it grows. Something similar to this 
takes place with respect to extraneous fossils; for although a 
piece of wood or bone is dead, when so situated as to be fos- 
silized, yet they are sound and free from decomposition, and 
the depth, joined with the matter in which they are often 
5 found, as stone, clay, &c. preserves them from putrefaction, and 
their dissolution requires thousands of years to complete it; 
probably they may be under the same circumstances as in a 
vacuum; the heat in such situations is uniform, probably in 
common about 32 or 335, and in the colder regions they are 
still longer preserved. 

believe it is generally understood that in extraneous fos- 
sils the animal part is destroyed; but I find that this is not the 
case in any I have met with. 
= and bones of fish, most probably have the least 8 


| antity, having been longest in that state, otherwise they 
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should have the most; for the harder and more compact the 
earth, the better is the animal part preserved; which is an ar- 
gument in proof of their having been the longest in a fossil 
state. From experiment and observation, the animal part is 
not allowed to putrefy, it appears only to be dissolved into a 
kind of mucus, and can be discovered by dissolving the earth 
in an acid; when a shell is treated in this way, the animal sub- 
stance is not fibrous or laminated, as in the recent shell, but 
without tenacity, and can be washed off like wet dust; in 
some, however, it has a slight appearance of flakes. 
In the shark's tooth, or glosso- petra, the enamel is composed 
of animal substance and calcareous earth, and is nearly in the 
same quantity as in the recent; but the central part of the 
tooth has its animal substance in the state of mucus inter- 
spersed in the calcareous matter. 3 
In the fossil bones of sea animals, as the vertebræ of the 
| whale, the animal part is in large quantity, and in two States; 
the one having some tenacity, but the other like wet dust: : 
| but in some of the harder bones it is more firm. 

In the fossil bones of land animals, and those which inhabit 
the waters, as the sea-horse, otter, crocodile, and turtle, the 
animal part is in considerable quantity. In the stags horns 
dug up in Great Britain and Ireland, when the earth is dis- 
solved, the animal part is in considerable quantity, and very 
firm. The same observations apply to the fossil bones of the 
elephant found in England, Siberia, and other parts of the 
globe; also those of the ox kind; but more particularly to 
their teeth, especially those from the lakes in America, in 
which the animal part has suffered very little; the inhabi- 
tants find little difference in the ivory of such tusks from the 
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recent, but its having a yellow stain; the cold may probably 
assist in their preservation. 

The state of preservation will vary ne to the sub- 
stance in which they have been preserved; in peat and clay I 
think-the most ; however, there appears in general a species of 
dissolution; for the animal substance, although tolerably firm, 
in a heat a little above 100 becomes a thickish mucus, like dis- 
Solved gum, while a portion from the external surface is re- 
duced to the state of wet dust. x. 

In incrusted bones, the quantity of animal substance is very 
different in different bones. In those from Gibraltar there is 


very little; it in part retains its tenacity, and is transparent, 


but the superficial part dissolves into mucus. 
Those from Dalmatia give similar results when examined 
in this way. 


Those from Germany, especiall y the harder bones and teeth, 


Seem to contain all the animal substance natural to them, they 
differ however among themselves in this respect. 


The bones of land animals have their calcareous earth unfted 
with the phosphoric acid instead of the aerial, and I believe, 
retain it when fossilized, nearly in proportion to the _— 


of animal matter they contain. 


The mode by which I judge of this, is by the quantity of 
. ; when fossil bones are put into the muriatic acid 


it is not nearly so great as when a shell is put into it, but it is 
more in some, although not in all, than when a recent bone-is 


treated in this way, and this I think diminishes in proportion 
to the quantity of animal substance they retain; as a proof of 
this, those fossil bones which contain a small portion of animal 
matter, produce in an acid the greatest effervescence when the 


: „ 
Bo, | 
57 4 n 


1 6 6 


4 . 9 
76665 55 
4 1 6 70 


70 


Philos. Trans. MDC 


4 a Sa. —_— -- ww at „3 WW 


1 


Nr 


o 


0 


_ 


—— er — I nn e—_ 


= — —— — — 
˖ — => —— — . —„ꝛn¾Tx——ů — 
* 
| 
[ 
, 
* g 
: | 
| 
1 
[ 
| 1 
— OH | | 
i ; ö | 
| 4 
| | 
Ul ® | 
17 
0 : . 
7 „ 7 „„ 
1 
I 
\ 
"n 
1 
\\ 
\ \ 
\ 
\ \ 
\\ \ 
\ \ l 
WV \\\ 
V \\ l 
\ 
\\ 
\ 
\ 
\ 
i | 
\ who, 
ee | 
\ i}, \ | 
ww 


4 


5 „ 760 
Hh U 


1 
11 


7547 1 
157%; „. 
N 1 Wi tr 


4 U 
Ul 
11-8 


il, 


— 


— — 
—— - 
— 

— — 


- 
o 
* 


— 
% 


— 


— 
— 


1" 


a = i 
' 2 


2 
70 


Pheatos. Trans. 


— ͤ — ⁰¹ — . ˙ w » 
— — 


N 


\ 


* 
* 


* 1 * 
PM © EY 
7 yo "Io D #44 * FS 
- * * * 
, wu 4 N 
12 * J * * 
* * " 
1 


” - 1 


« 


MD CCXCIV. ib. XX.p. 46. 


— . CC 


- — SOV - i , 
— re agar ret — e ies apes * cam. - 
-- _ n 
* 4 d > 


* 
0 . 
1 7 * 
R nd 
1 1 
1 [ 
2 q 
2 x 
? * 
2. 14 
— 1 
» N 
13 
; q g 
\ $ 9 
1 
{ 
n 5 
A * 
© 
I? 
o 
544 þ 
_ 
- 
of 


— 


— * 
— * 


— 


—— 


SES 


Ae re r We Wer Yona wa — 


on rome fail Bones. 417 
es is acted on, and very little when the centre is affected 
by it; however, this may be accounted for by the parts which 
have lost their phosphoric acid, and acquired the aerial, being 
easiest of solution in the marine acid, and therefore dissolved 

first, and the aerial acid let loose. | . 
In some bones of the whale the effervescence is very great; 
in the Dalmatia and Gibraltar bones it is less; and in those the 
subject of the present paper it is very little, since they contain 
by much the — — of animal substance. 


EXPLANATION OF THE PLATES. 


4 Tab. XIX. 
Fig. 1. One of the incrusted Skulls Sent over by the Mar- - 
grave of AnsPAcn, which is much larger than that of the com- 
mon white bear, longer for its breadth, and having a greater 
hollow between the anterior part of the skull and the bones * 
of the face. 
Fig. 2. Another skull, which differs i in many respects from 


fig. 1. and nearly in the same degree that the first does from 
the skull of the recent white bear. 


Tab. XX. 

Fi ig. 1. A portion of a skull; to what animal it blows is 
not exactly ascertained, unless it be the growing state of the 
bones in one of the varieties of the white bear species, but it 
is materially different from the full grown skulls expressed in 
Tab. XIX. It is rather too large in proportion to the others. 
Fig. 2. Two of the incrusted ossa humeri, to shew that 
these bones vary very much among themselves, these two be- 
ing in many respects dissimilar. | 
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XXIV. Account of a mineral Substance, called Strontionite, in 
| which are exhibited its external, physical, and chemical Cha- 
racters. By Mr. John Godfrey Schmeisser, F. R. S. 


Read May 29, 1794 


E 3 has obtained its name from the place Stron- 
tion, in Scotland, where it is found in granite rocks, accompa- 
nied by galena and witherite, which latter is described by Dr. 
W1THERING | in the Philosophical Transactions of the year 1784. 
1 all the specimens which I have seen of this substance, I 
could not discover any regular n hape, like the 
witherite. 11 
| The specimen which I submitted to experiments, was in 
solid masses of a fibrous texture, apparently composed of long 
| fibres, closely adhering to each other, and disposed in a radiated 
manner; its colour was an asparagus green, which appeared 
deeper towards the centre of the mass; when broken, the sur- 
face was a little shining in certain directions, the fragments 
rather bar-like, and somewhat brittle. 

Some specimens exhibit only light shades of this colour, 
and appear to be composed of long thin bars, which are often 
Separated from each other towards the extremity. 

The specimen which I examined, and used for experiments, 


was semitransparent, but the most part of it TRUhes inclining 
to Opaque. 


Mr, SCHMEISSER $ Account of a mineral Substance, &c. 419 
As to hardness, its surface could be scratched with a hard 
knife, but not scraped. 


Its specific gravity I found as 3,586, TR to distilled 
water of 60' tem perature. 


Fre rlies of the Su bstance. 


N. B. The first experiments, which pointed out a ede 
between its basis and the ponderous earth of ScutgtLE, were 
made, at Dr. CRAwTrokp's desire, by his assistant Mr. CRulik- 
SHANK, and were afterwards repeated by himself; the account 
of which is inserted in the second volume of the Medical 
Communications. 


EXPERIMENT I. 


reduced a certain quantity of the substance to a very fine 
powder, and boiled it in water for some time, but no solution 
took place. 


EXPERIMENT II. 
With acids. It was not affected by sulphuric acid; but 
vas entirely soluble in nitric and muriatic acid, with a strong 
effervescence, during which a great quantity of gaz was dis- 
engaged, which when tried, was entirely absorbed by lime- 
water, extinguished flame, and had no smell. 8 


EXPERIMENT III. 


Diluted sulphuric acid dropped into a diluted solution of 
this substance in nitric and marine acid, occasioned a white 
powdery precipitate, which was insoluble in water, 
3H 2 


* 4 
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EXPERIMENT IV. 


A piece of the substance was exposed t. to the action of the 
blow-pip pe, did not crackle nor split asunder, nor did it melt 
when even exposed to white heat, but it discovered a very 


bright phosphorescent light, became more brittle, and had lost 


its greenish cast ; it was then partly soluble in water. 
It only lost a very little of its weight, when exposed for a 
long time to whi ite heat, but it then still effervesces with acids. 


EXPERIMENT v. 


It melted with borax and soda with cbullition, but neither a 
blue nor a Bren colour was n when melted with the 


first. 


EXPERIMENT v1. 


Liquid volatile alkali did not extract any blue colour from 


the e powdered substance, nor when added to the solution in 
acids. 


EXPERIMENT VII. 


The solutions in nitric and muriatic acid were colourless, 


and a piece of paper dipped into this nitric solution burnt with 
a red lame, which was first observed by Dr. As. 


EXPERIMENT V III. 


e alkali, or prussiate of pot-ash, added to a sa- 


n solution, discovered a very slight quantity of blue pre- 
cipitate. | 


' EXPERIMENT IX. 
Oxalic acid, or acid of sugar, added to the diluted solution, 


discovered a very alight precipitate. 


mineral Substance, called Strontionite. 422 
EXPERIMENT X. 


The remaining liquid of the foregoing experiment was 
mixed with sulphuric acid, until no more precipitate took 
place, the remaining filtered liquor was saturated with purified 
pot-ash, and no earth was pd or discovered. 


EXPERIMEN T XI. 


A certain quantity of che powdered substance was dissolved, 
and saturated with nitric acid, and evaporated; it then crys- 
tallized; the crystals were permanent in air, did not deli IQUERCE, 
and exhibited triangular and e plates 


EXPERIMENT X11. 


When dissolved and saturated with muriatic acid, it exhi- 
bited on evaporation long six-sided prismatic crystals, which 
have the broad alternating with the narrow sides, terminating 
in obtuse trihedral pyramids; this was observed by Dr. Cxaw- - 
FORD, who also found that the salt formed of the substance with 
acids dissolved in water, produced five times more cold than the 
salt from the baryles in the same acid; that the salt formed by 
marine acid and this substance, was much more soluble in warm 
walter Iban in cold, whilst the muriat of barytes is nearly as Soluble 
in cold as in warm water ; that one ounce of distilled water dis- 
sol ves three times as much of the muriat of Strontionite as the mu- 
rial of barytes, which makes a distinction ne the basis of this 

subslance and the barytes. 


EXPERIMENT XIII. 


Nitric acid added to the Solution of that substance in mu- 
riatic acid, occasioned a deconposition, 
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EXPERIMENT XIV. 
A quantity of this substance was dissolved in muriatic acid, 
the solution much diluted with distilled water, and afterwards 
precipitated by diluted sulphuric acid. The precipitate was 
dried and decomposed by purified pot-ash, by means of heat. 
The earth which was thus separated, was perfectly freed 
from saline parts, afterwards dried and calcined, in order to 
deprive it of moisture. A quantity of this earth was again 
dissolved in acid, in order to ascertain the quantity of carbonic 
acid, or fixed air, which it contained, and the real 3 
of pure earth contained in a certain quantity. 8 
I then found by accurate experiments, 
ist. That 100 grains of specific sulphuric acid required 1 33 
grains of the pure earth for saturation. 
 edly. That 100 grains of nitric acid ind 94 grains, and 
_ gdly. That 100 grains of muriatic acid required 36 grains 
for saturation. Which experiment ascertained the dormant 
affinity of this earth to those acids. 
l also ascertained in the same way, 
ist. That 100 grains of sulphuric acid required 190 grains 
of barytes. 8 
2dly. That 100 grains wat nitric acid required 120 grains, and 
gdly. That the same quantity of muriatic acid required 96 
ſor saturation, which gave the dormant affinity betwixt the 
barytes and those acids. 


From these experiments I drew the following conclu- 
sions. 


ist. That according to experiment 1. the substance con- 
tained no saline parts. 


2dly. That according to experiment 11. it contained fixed air. 


mmeral Substance, called Strontionite. 


42 

gdly. That according to experiment 111. it contained an 
earth somewhat similar to barytes. | 

4thly. That according to experiment Iv. it discovers no 
crystallizing water. 

zthly. That according to experiment v. the substance con- 
tained no cobalt. 

Gthly. That according to experiment VI. the cubstance con- 
tained no copper. 

7thly. That according to experiment vill. it contained a 

little iron. 

8thly. That according to ex periment IX. the substance con- 
tained calcareous earth. 
gthly. That according to experiment x. the substance con- 
tained no argillaceous nor magnesian earth. 
lothly. That according to the last experiment, the base of 
this substance is distinct from the barytes. 
In order to ascertain the quantity or proportion of compo- 
nent ** of this substance, 


EXPERIMENT I. 


One hundred grains were dissolved in acid, and yielded 30 
grains of fixed air. 


5 EXPERIMENT Il. 
The solution was diluted, and mixed with oxalic acid, by 
means of which half a grain of calcareous earth was separated 
(in the state of oxalate of lime). 


EXPERIMENT III. 


I he remaining solution was decomposed, and yielded 68 
grains of pure earth. 
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According to these experiments, 100 grains of the analyzed 
substance contains go grains of fixed air, 1 of calcareous, and 
68 grains of another earth, which may be called Strontion 
earth, and the remaining weight may be accounted for, from 
the substance which gives it the colour, and which I suggest, 


from comparative experiments, to be phosphate of iron and 


manganese; the proportion of which I could not accurately 
ascertain, on account of the smallness of the specimen which I 
possessed, and which I employed for analysis; but which I shall 
_ endeavour to ascertain by future experiments on a larger scale. 
In order to compare the nature of the substance with which 
ĩt was accompanied to the before mentioned substance, I made 
the following experiments. 
This substance was crystallized in six-sided prisms with py- 
ramids, colourless, semitransparent, rather opaque towards the 
basis, and less hard than the other substance; a certain quan- 
tity of it I reduced to fine powder, and submitted it to various 


experiments, by which I found that it contained barytes, « cal- 
careous earth, and carbonic acid. 


One hundred grains of this substance were dissolved in ma- 
Tine acid, during which 15 grains of carbonic acid were se- 
parated ; the solution was gently evaporated, and exposed ta 
crystallize. | The crystals were then exposed for some time 
to air in a funnel, during which part of the crystals had de- 
liquesced. When no more deliquescence was observed, the 
whole liquor was diluted with a sufficient quantity of distilled 
water, and diluted sulphuric acid was then added, by means of 
which 2 grains of barytes were separated. The filtered liquor 
was then decomposed by alkali, and 12 grains of calcareous 
earth were separated. The dry crystals remaining on the 


- 
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funnel were then dissolved in distilled water, and also decom- 
posed by alkali, by means of which 68 grains of barytes were 
obtained. 

According to these experiments, 100 grains of this crystal- 
lized substance yielded by decomposition 70 grains of barytes, 
15 grains of carbonic acid, and 12 grains of calcareous earth. 
The difference of the 3 remaining grains may be accounted 
for by the water, by the small loss which was observed when 
the crystallized substance was exposed to a strong heat, and also 
from the crackling which was perceived when exposed to a 
sudden heat. Whether this crystallized substance is different 
from that specimen which Dr. WIrkERING analyzed, or whe- 
ther the calcareous earth escaped his observation during his 
experiments, I cannot decide, as he does not mention that he 
employed the substance in a crystallized state for his val 
ments.“ 

The experiments newly communicated by Mr. Kirwan, and those which are 
promised to be communicated by Dr. Hor E, will . throw some more light on 
the nature of the Strontzentte. | 
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Read July 10, 1794. 


' DEAR SIR, ih „ Evel, June , 1794 


1 INCLOSE you the extract of the letter from Isa Ac HumyRIEs, 
Esq. a gentleman resident in India, and employed in the Com- 


| pany's service, which relates to the circumstance of the fire I 
lately mentioned to you. 


And am yours, &c. 
THOR AS B. WOODMAN. 


„O going into the arsenal a few mornings since, I found 
my friend Mr. GoLpixs, the commissary of stores, under the 
greatest uneasiness in consequence of an accident which had 
happened the preceding night. A bottle of linseed oil had 
been left on a table, close to which a chest stood, which con- 

tained some coarse cotton cloth; in the course of the night 
the bottle of oil was thrown down, and broken on the chest 
(by rats most probably), and part of the oil ran into the chest, 
and on the cloth: when the chest was opened in the morning, 
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. 
partly reduced to tinder, and the wood of the box discoloured 
as from burning. After a most minute examination, no opp 
ance of any other inflammable substance could be found, and 
how the cloth could have been reduced to the condition in which. 
it was found, no one could even canjecture. The idea which 
occurred, and which made Mr. GoLDpinG so uneasy, was that 
of an attempt to burn the arsenal. Thus matters were when 
1 joined him, and when he told me the story and shewed me 
the remainder of the cloth. It luckily happened that in some 
chemical amusements, I had occasion to consult Horsox's book 
a very few days before, and met with this particular passage, 
which I read with a determination to pursue the experiment 
at some future period, but had neglected to do so. The mo- 
ment I saw the cloth, the similarity of circumstances struck me 
so forcibly, that I sent for the book and shewed it to Mr. 
| Gor pins, who agreed with me that it appeared sufficient to 
account for the accident. However, to convince ourselves, we 
| took a piece of the same kind of cloth, wetted it with linseed | 
oil, and put it into a box, which was locked and carried to his 
quarters. In about three hours the box began to smoke, when 
on opening it, the cloth was found exactly in the same condi- 
tion as that which had given us so much uneasiness in the 
morning, and on opening the cloth, and admitting the exter- 
nal air, it burst into fire. This was sufficiently convincing: 
however, to make it more certain, ** ex periment was three 
times tried, and with the same success. 


P. S. The passage Mr. HuxrniEs alludes to is in page 629 of 
Horsox's Chemistry, where, in a note, you will find mention 
312 


. 


of a set of chemical experiments made on inflammable 
substances by a Mr. Gionoi of the Imperial Academy of Pe- 
tersburgh, in uence of the burning of a Russian 


| at:Cronstadt in 1781, although no fire had been made on 
of her for five days before. 
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XXVI. An Leun of a an Appearance of Light, like a "Star. 7 
in the dark Part of the Moon, on Friday the 7th of March, 
1794, by William Wilkins, Esg at Norwich. In Extracts of a 
Letter to the Rev. Samuel Vince, F. N. S. and of three Letters 
to the Rev. Nevil Maskelyne, D. D. F. R. S. and Astronomer 
Royal; and communicated by the latter. 1 


Fo 


LETTER I. 
REVEREND SIR. Sol 24 £ Norwich, 27th April, 1794. 


Is RECEIVED your letter yesterday ; and I am extremely happy 
in giving you the best description i in my power respecting the 
phenomenon I saw in the moon, on Friday the 7th of March, 
a few minutes before eight o'clock in the evening. T was in 
hopes, as it was a bright evening, that some astronomer might 
observe it, who would have described it in a more scientific 
manner than I can. The few observations I made were merely 
to compare with some account I expected and wished to meet 
in some periodical publication. 

My friend Mr. BrckwitH having the day before told me 
that I might see Mercury soon after sun-set, I had been 
looking for that planet from the Castle-hill in Norwich, but 
was disappointed by a clouded horizon. I mention this merely 
as the reason of my being led to a more particular notice of 
the moon also in this evening, having out the first object © of 
that evening s attention. : 
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When I aw the light speck, as shewn in the sketch, (see 
Tab. XXI. fig. 1.) I was very much surprised; for, at the 
instant of discovery 1, believed a star was passing over the 
moon, which on the next monient's consideration I knew to 
be impossible. 1 remembered having seen, at some periods of 
the moon, detached lights from the serrated edge of light, 
through a telescope; but this spot was considerahly too far 
distant from the enlightened part of the moon; besides, this 

was seen with the naked eye. I was, as it were, rivetted to 
the spot where I stood, during the time it continued, and took 


| every method 1 could imagine to convince myself that it was 2 


not an error of sight; and two persons, strangers, passed me at 
the same time, whom I requested to look, and they (may be, 
a little more ignorant than myself) said it was a star. Iam 
conſident I saw it five minutes at least; but as the time is 
only conjectural, it might not, possibly, be so long. 
The spot appeared rather brighter than any other en- 
lightened part of the moon. IT was THERE WHEN I FiksT 
LOOKED. The whole time I saw it, it was a FIXED, STEADY 
LIGHT, except the moment before it disappeared, when its 
| brightness INCREASED; but that appearance was instantaneous. 
I have a reflecting telescope, and as I was very near home, 
I had determined to return and use it on this occasion; for it 
| was 80 fixed, I had scarcely a doubt but its appearance would 
continue; but almost at the instant, and whilst I was looking, 
It totally disappeared. You can tell, by the age of the moon at 
that time, the apparent breadth of light upon the surface of 
that body, which, as near as I can judge, determines the dis- 
tance of the spot from two points, B and C, on the periphery 
of the circle, (see fig. 1.) in which A is the enlightened spot; 
BA=AD=DC; BAD is supposed a right angle. 
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1 mentioned this soon afterwards to a gentleman of my ac- 
— de, who sometimes amuses himself in the study of as- 
he was extremely inquisitive about it; and t᷑onjec- 
tured this phænomenon to be some great volcanic convulsion 
in the moon, which induced me at that time to assist my me- 
mory with a sketch like what I have here sent you. I shall de 
öobliged to you, Sir, if you will favour me with Dr. Masxr- 
LYNE'S opinion, if what I have related is sufficient ground for 
him to form an opinion upon; and whether any such phæno- 
menon has ever before been observed. When I was lately in 
town, I mentioned the particulars to my worthy friend Mr. H. 
ReyTox, and if my engagements would have permitted, he was 
desirous I should call with him upon Dr. HERSCHEL, with whom 
he has some acquaintance. 


lam, &c. 


Norwich, . WILLIAM WILKINS. | 
17th April, 1794. 


| 4. 
To the Rev. Sauvzr Vines. 


LETTER II. 

REVEREND —_ UT | Norwich, 2d May, 1794. 
Il am favoured with your letter of the ist instant, respecting 
the description of the light spot observed by me in the moon. 
l am certain as to the evening I saw the phænomenon, be- 
cause I made the memorandum in a pocket journal I keep; 
besides, another local circumstance convinces me of its being 
on a Friday, and not on any other day than the 7th of March. 
Lou are undoubtedly right in supposing I had forgot how 
near the moon was to a half moon; and when I wrote to Mr. 
 Vinex, I answered him in haste; for his letter to me requested 


— 
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an immediate answer, on account of his engagement to leave 


Cambridge in a short time. If you will please to refer to my 
letter, I think you will find I was somehow aware of my not 


5 describing the age of the moon properly in the sketch; for - 
said, © you will be able to tell by the age of the moon at that 
time, the apparent breadth of light, which may, in some mea- 
4 * determine the situation of the os nee to my 
The cketch I 2 5 at t fret was in pencil, without the as- 
$istance of compasses. 

"It appeared like a small star, without changing its forma or 
Situation; and its distance was as far from * enlightened | 
edge D as from the dark edge B. 


1am, &c. 
WILLIAM WILKINS. 


To the ited; Dr, Masx ELYNE, 


LETTER III. 


REVEREND = Norwich, gth May, 1794. 


- I am again favoured with yours of the 6th instant. . The 

evening I saw the bright spot on the moon, I had been look-_ 
ing for Mercury soon after sun-set, and walked more than an 
hour ; and having been disappointed by a clouded horizon, I 
returned home (my house i is within 30 yards of the Castle- 
hill); and after staying some time, set out again to the coffee- 
house to look at the papers, as I usually do about that time, i. e. 
eight o clock. I took the Castle-hill again in my way, when I 
was surprised with the appearance I have already described. 
After the disappearance of the phænomenon, I was very 
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particular in my inquiries respecting the time, and called pur- 
posely on a neighbour* to ascertain it with certainty ; and 
found it a few minutes before eight o'clock, which time I en- 
tered in my pocket journal; and on inquiry of Mrs. WILkIxs, 
she says I left home at that time. 
I am in my 44th year, and have a strong, good sight, not in 
the least short sighted. About two years since, I purchased a 
pair of spectacles in town, because I did not, in pointing a pen, 
see the nib so distinctly as formerly; but notwithstanding, 
they lay i in my drawer totally useless. 
My profession has lately carried me frequently to Or- 
fordness, where I have been constructing a lighthouse for 
Lord HowakD, upon the new principle, with AxGAN D lamps 
and reflectors; and the goodness of my sight has often been 
remarked, in discovering vessels with the naked eye, which 
my companions could not discover but with the telescope. I 
find that by looking some time at an object, my left eye 
waters, I suppose from weakness ; but if I shut it, my other 
eye still remains strong sighted. When the moon is young, I 
do perfectly see the whole circumference, from the faint light 
which surrounds it; and on that evening the moon appeared a 
well defined cresceat. 

I remember seeing the star you mention that evening ; ; but 
think it was between nine and ten o'clock that I observed it; 
and it was in appearance, may be, two of the moon's diameters 
distance to the west; but I did not particularly notice it. 

l am very certain of this spot appearing w1THIN the circum- 
ference of the moon's circle. 


1] am, &c. WILLIAM WILKINS. 
Castle Meadow. 


To the Rev. Dr. MASEELYNE, 


Mr. R. Bacon, who is publisher of one of the Norwich papers. 
MDCCXCIV. gK 


Mr. . | 


LETTER IV. 


sR. Fo Hare-street, by Romford, 26th May, 1794. 

Having been some days from Norwich, I received your fa- 
vour of the 24d instant only this morning. The clocks at 
Norwich are regulated by mean time, in the same manner as 
in London. I have herewith given the figure you request, 
copying the moon's appearance from your scheme, not having 
any of my former sketches with me (see fig. 2.) ; I have placed 
the spot of light to the best of my recollection; and I hope it is 
such as will be the means of satisfying your curious inquiries. 


J am, &c. 


fn Ce  s WILLIAM WILKINS. 
To the Rev. Dr. MasxeLYNE. 
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XXVII. An Account of an Appearance of Light, like a Star, 
been lately in the dark Part of the Moon, by Thomas Stretton, 
in St. John's Square, Clerkenwell, London; with Remarks 
upon this Observation, and Mr. Wilkins's. Drawn up, and 
communicated by the Rev. Nevil Maskelyne, D. PD. F. R. S. 
and Astronomer * 


5 Read July 10, 1794. 


Ms. Vince, Fellow of this Society, having acquainted me by 
letter, early in April last, that a gentleman at Norwich had a 
month before seen a bright spot upon the dark part of the 
moon, and had made a little drawing of it in his pocket-book, 
which he promised to send to him, I immediately wrote a 
letter in answer to Mr. Vince, to desire him to request the 
gentleman to send the drawing he had promised, and a full 
account of the phænomenon. Mr. Vixce accordingly wrote 
to the gentleman immediately, Mr. WILLIAM Wilkins, archi- 
tect at Norwich, which produced the first of the foregoing 
letters, and addressed by Mr. WIILkIxs to him, giving a par- 
ticular account of his observation, with a drawing of ths ap- 
Y pearance. 
Soon after, my relation Sir Georce Boorn, Dee. with his 
lady, being on a visit at the Royal Observatory, upon my men- 
tioning Mr. WiLkins's observation, Lady Boorn said their 
Servant, who is curious for a person in his situation, and fond 
of laing at the stars, had some time before seen something 
3 K 2 
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extraordinary in the moon. Upon this I took occasion, on 
the 28th of April, to question the man about it, taking care 
at the same time to direct my inquiries so as to give him no 
hint of what had been seen by Mr. WiLkins. I immediately 

minuted down the information he gave me, which was as fol- 
lows. © Some time ago, about six in the evening, the moon 
* not being a quarter old, he saw a light like a star, and as 
large as a middle sized star, but not so bright, in the dark 
part of the moon. He continued looking at it for a minute 
or more, during which time it kept the same light, and he 
then lost sight of it by going into the house. He said he 
« thought it was not the present moon, viz. that which is now 
almost gone, and that it was not above seven weeks ago. 
He was not, however, certain whether it was three weeks or 
seven weeks ago.” I made a drawing of the moon before 
905 him, and desired him to direct me about forming the size of 
the crescent, and laying down the place of the star-like ap- 


pearance in the dark part of the moon, which sketeh I have 
sWuhjoined to this account. (See Tab. XXI. fig. 3) 3 


Lady Boo rn thought the time of the night, when he saw 
this appearance, was later, and rather seven o'clock, for he 
mentioned it to her immediately after. Not doubting but 

this phznomenon, seen by THoMAs STRETTON, in St. John's 

Square, was the same as was seen by Mr. WiLKkiNs at Nor- 

wich, and on the same night, I wished to ascertain the time 

more nearly by some local circumstances, depending on the 
place from which the phenomenon was seen, and the tops of 
the houses or chimnies over which it appeared. Accordingly, 
on the 21st of May, I desired THOMAS STRETTON to stand in 
the same place he did when he saw the appearance, and point 
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out to me the place of the sky where he had seen the moon, 
with respect to the opposite house and chimnies over which 


she appeared. With the help of a pocket compass and 
small wooden quadrant, I found the bearing of the place 


of the sky, which he pointed out to me, to be 80* west of 


the magnetic south, or 56* west of the true south meridian, 


and the altitude g4*. Taking the moon's right ascension 


from the nautical almanac for the 7th of March, the day 


stated by Mr. WILkIxs, with the bearing abovementioned, 


and latitude of St. John's Square taken 51* 31, I find the 


observation must have been made exactly at eight o'clock 
| mean time, provided the bearing could be exactly depended 
upon ; but as an uncertainty of a few degrees may be allowed 


therein, we may conclude that the observat ion was not far 
from eight o'clock. This agrees nearly with the time of Mr. 


 WiLxins's observation, for he seems to have lost sight of the 
star on the dark part of the moon a little before eight o'clock, 


mean time, at Norwich, the correspondent time to which in 


St. John's Square, on account of the difference of meridians, 


would be five minutes sooner. An error only of ten minutes 
in the time noted by Mr. WiLx1Ns, and that deduced from 


the bearing observed in St. John's Square, both taken together, 


will bring the observation in St. John's Square to precede the 


time of the disappearance of the star-like appearance at Nor- 
wich: and therefore the two observations agree as nearly to- 
gether as can be expected from the circumstances in which 
the observers were placed, and the two observations mutually 


confirm each other. The altitude of the moon at eight o'clock, 
by computation, is 415, or 7 higher than that taken with the 


quadrant; which difference may be allowed for the error such 
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an estimation is liable to, and affords no ground for argument 
against the observations belonging to the same phenomenon, | 
and consequently is an additional confirmation of it. 
In order to ascertain the time, and other circumstances re- 
lating to the phænomenon, I made some inquiries of Mr. WII 
KINs, by several letters, which he answered with much can- 
dour and exactness, as appears by the extracts of his 1 
| prefixed to this account. 
Mir. Vincx, in his letter to me, giving me the first notice 
of this phænomenon, observed that Mr. Wilk Ns is an emi- 
nent builder, a sensible man, and by no means likely to be 
deceived; and adds, that the length of time during which he 
saw it, seems to preclude the possibility of any deception. 
Mr. WiIxkIXs himself relates that he is long sighted, and that 
he distinguishes very well the dark part of the moon, illu- 
minated by a faint light, while she is young, which completes 
her circle. The other person, Tomas STRETTON, is a young 
man of sobriety and steadiness, and long sighted also. I par- 
ticularly mention these circumstances, to obviate an objection 
that has been made to these accounts, from the circumstance 
of the bright star in the south eye of the bull, called Aldebaran, 
: having passed by the moon the same evening, and been 
eclipsed by the northern part of her disk. I own it is a singu- 
lar coincidence of circumstances, that Aldebaran should the 
same evening pass behind the moon, in nearly the same track 
in which this star-like appearance was observed upon the dark 
part of the moon's disc: but the two facts, considered as inde- 
pendent of each other, are not incompatible. The appulse of 
Aldebaran to, and subsequent occultation by the moon's disc, 
was predicted in the nautical almanac, and observed by many. 
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I observed its eclipse at the moon's dark limb at 6* 47' go”, 
and its emersion from the moon's bright limb, at 7 go" 3* 
mean time, at Greenwich.“ 

The appearance of the spot of light upon the moon's dark 
part, and its subsequent sudden disappearance at Norwich, 
happened near eight o clock; and the observation of the star 
upon the moon at St. John's Square happened about the same 
time. I would then ask the persons who make the objection, 
how could two persons, at two distant places, see a star appear 
upon the dark part of the moon, at a considerable distance 
within its circumference, while it was really off it, especially as 
they were both long sighted? and particularly, how could the 
immersion be observed near eight o'clock, which really hap- 
pened at 34 minutes past six, or above an hour before? If it 
be supposed that the persons saw Aldebaran after its emersion 
from the moon's bright limb, that is, after half past seven, it 
becomes still more difficult to conceive, that a star, really on 
the bright side of the moon, should, by some illusion or optic 
fallacy, eross that bright part to appear upon the dark part; 
besides, this supposition does not account for the sudden dis- 
appearance of the star. 
Mr. Vince has lately informed me, | that he had seen and 
conversed with Mr. WII KIxs on the subject; who expressed 
himself to be certain both of the time, and place on the dark 
part of the moon's disc, where he saw the star- like appearance 
within the circumference. 


* The immersion at Norwich, on account of the difference of ith would happen 
about a minute and an half later, and the emersion as much sooner; and considering 


also the difference of meridians, by which Norwich is five minutes of time to the east 
of Greenwich, the immersion at Norwich must have happened at 6* 54, and the emer- 
Sion at 7* 33 mean time. 
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I shall make no conjectures on the cause to which this ex- 
traordinary phænomenon may be attributed; but only remark. 
that it is probably of the same nature with that of the light 
seen of late years in the dark part of the moon by our inge- 
nious and indefatigable astronomer, Dr. HRRSchEL, with his 
powerful telescopes, and formerly by the celebrated Do i- 
N Cassn1; although this has been so illustrious as to have 

been visible to the naked eye, and probably equal in appear» 
ance to a star of the third W 


* of 12 
- a 8 * 
Ac. Fs * F 4 
* ; 
E - 
: * 1 
2 — 
4 


Philos. Trans. MDCCXCTV. Jad. XI. ; 440. 


1793. 


Nov. 7. Nova Acta Academiz Scientiarum Imperialis Pe- 
_ tropalitanz, Tomus VII. Petropoli, 1793. 4? 
_ Commentationes Societatis Regiæ Scientiarum 


RECEIVED BY THE 


PRESENTS | 


ROYAL SOCIETY, 


From November 1793 to July 1794 


"es CE WITH THE 


NAMES OF THE DONORS. 


enjounrTs. : 


Gottingensis ad A. 1791 & 1792. Gottingz, 


1793. 4* 
Transactions of the Society for the Encourage- 


ment of Arts, Manufactures, and Commerce, 


Vol. XI. London, 1795 5 * 


The Morbid Anatomy of some of the most im- 


* parts of the human Body, by M. Bail- 
he. London, 1793. 8⁰ 


On the Determination of the Orbits of Comets, 
by Sir H. Englefield. London, 1793. 1 
Biographia Britannica, Vol. V. London, 1723 


A Sketch of a Plan to exterminate the casual 
_ Small-Pox from Great Britain, and to intro- 
duce general Inoculation, by J. Haygarth. 
London, 1793. 8? 
A Treatise on the Structure, Economy, and Dis- 
eases of the Liver, by W. Saunders. London, 


1793. ; 80 . 


Directions for making an universal Meridian 


Dial, by F. Wollaston. London, 1793. * 


Practical Observations on the Operation for the 
Stone, by J. Earle. London, 1793. 82 
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